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Prefilce 


since  in  fbundini  in  1952,  the  Advisory  Group  for  Aerospace  Research  and  Development  has  published,  through  the  Flight 
Mediaiilci  Panel,  a  number  of  standard  texts  in  the  field  of  flight  testing.  The  original  Flight  Ihst  Manual  was  published  in  the 
yean  1954  to  1956.  The  Manual  was  divided  into  four  volumes: 

1  Performance 

2  Stability  and  Control 

3  Instrumentation  Catalog,  and 

4  Instrumcntatioa  Systems. 

As  a  result  of  developments  in  the  field  of  flight  teat  instrumentation,  the  FUght  Ibst  Instrumentation  Group  of  the  Flight 
Mechanics  Panel  was  established  in  1968  to  update  Volumes  3  and  4  of  the  Flight  Ibst  Manual  by  the  publication  of  the  Flight 
lest  Instrumentation  Series,  AGARDograph  160.  In  its  published  volumes  AGARDogtaph  160  has  covered  recent 
developments  in  flight  test  instrumentatiao. 

In  1978,  the  Flight  Mechanics  Panel  decided  that  further  specialist  monographs  should  be  published  covering  aspects  of 
Volume  1  and  2  of  the  original  Flight  Ibst  Manual,  including  the  flight  testing  of  aircraft  systems.  In  Match  1981,  the  Flight  Test 
Ibchniques  Group  was  established  to  carry  out  this  task.  The  monographs  of  this  Series  (with  the  exception  of  AG  237  which 
was  separately  numbered)  are  being  published  as  individually  number^  volumes  of  AGARDograph  300. 

At  the  end  of  each  volume  of  both  AGARDograph  160  and  AGARDograph  300  two  general  Annexes  are  printed.  Annex  1 
provides  a  Ust  of  volumes  published  in  the  Flight  Ibst  Instrumentation  Series  and  in  the  Flight  Test  Techniques  Series.  Annex  2 
contains  a  list  of  handbooks  that  are  available  on  a  variety  of  flight  test  subjects,  not  necessarily  related  to  the  contents  of  the 
volume  concerned. 

The  present  Volume  (Vol.9  of  AGARDograph  300)  describes  testing  and  analysis  techniques  to  measure  a>tcrafi  noise 
primarily  for  purposes  of  noise  certification  as  specified  by  the  Tmematiunal  Gvil  Aviation  Otganixation',  ICAO.  The  relevant 
aircraft  noise  certification  ‘Standards'  and  ‘Heconunend^  Practices'  are  presented  in  detail  for  subsonic  jet  aeroplanes,  for 
heavy  and  light  propeller^tiven  aeroplanes  and  for  helicopters.  The  practical  execution  cd  conducting  noise  certification  tests 
is  treated  in  depth.  The  characteristics  and  requirements  of  the  acoustic  and  non-acoustic  instrumentation  for  data  acquisition 
and  data  processing  are  discussed,  as  are  the  procedures  to  determine  the  special  noise  measures  ‘Effective  Perceived  Noise 
Level'  (EPNL)  and  'Maximum  Overall  A-weighted  Noise  Level'  (LpA.au)  that  are  required  for  the  noise  certification  of  different 
types  of  aircr^. 

The  AGARDograph  also  contains  an  extensive  —  although  selective  —  discussion  of  test  and  analysis  techniques  for  more 
detailed  aircraft  noise  studies  by  means  of  either  flight-experiments  or  foU-scale  and  model-scale  wind  tunnel  experiments. 
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Depute  M  crMkm  cn  I9S2,  le  Punei  de  te  Mdcamque  du  Ml,  sou*  I'egide  du  Groupe  Consultaiif  pour  la  Recherche  et  les 
■UiltealkMis  Adfoipuialei  a  puNW,  un  ceitam  nomhre  de  textes  <)|ui  font  auiorit^  dans  le  domaine  des  essais  en  vol.  Le  Manuel 
des  Essais  en  V)l  a  pubite  pour  la  premiere  Ibis  dans  les  anndc*  IVS4— IV56.  II  comportait  quatre  volumes  a  savoir: 

1  Peifbrmancca 

2  StabiUti  el  Comrole 

3  Caialocuedesapparcilsdeinesutc.et 

4  Systtenes  de  mesure. 

LeiaovatkuwdMiledoaMan*  dee  appareilsdemesure  pour  le*  essais  envoi,  out  conduit  irecreer.en  1968,  le  groupe  de  travail 
sur  les  appaieite  de  meeure  pour  let  estate  en  vol  pour  permeitfe  la  rmtee  ii  jour  des  volumes  3  et  4.  Les  travaux  du  groupe  ont 
d^)ouch<surl’4ditiond\inei^de  publications  sur  to  appaieilsde  mesure  pour  les  essate  envoi.  I  AOARDographic  160.  Les 
dilKients  volumes  de  lAGARDogiaphie  160  puNto  jusqu'g  ce  jour  couvient  to  detniets  devdoppemente  dans  le  domaine. 

Bn  1978,  le  Panel  de  la  Mdcanique  du  vol  a  signale  I'interei  de  manographto  suppiementaires  sur  certains  aspects  des  volumes 
I  et  2  du  Manuel  initial  etnotamment  to  essais  envoi  des  systtenesavioniques.Aittsi,Mmoisde  mars  1981, legroupede  travail 
sur  les  techniques  des  essais  en  vol  a  etc  recree  pour  mcner  a  bien  cette  ta^.  Les  monographies  dans  cette  scric  (it  I'exception 
de  la  AG  237  qui  bit  panic  dtoie  sMe  distincte)  toot  puMIdes  sous  forme  des  voiumes  individuds  dc  lAGARDographie  300. 

A  la  fin  de  chacun  des  volumes  de  lAGARDographie  160  et  de  lAGARDogtapMe  300  ligurent  deux  annexes  generales. 
L'annexe  I  fottmit  la  hale  des  volumes  puMto  dans  la  serie  ‘Appareils  de  mesure  pour  to  essais  en  vol'  ct  dans  le  serie 
‘Techniques  des  essais  en  vol''.  L'anneae  2  donne  la  liste  des  manuds  disponibles  sur  to  memes  themes  dans  le  domaine  des 
essais  eit  vol,  qui  ne  .<ont  pas  forcement  en  rappon  avec  le  contenu  du  volume  en  question. 

Ce  volume  9  de  I'AGARDopaphie  300  decrit  to  techniques  d'essai  et  d'analyse  mises  en  oeuvre  pour  le  calcul  du  bruit  genere 
par  to  abronds,  prindpalemeni  tux  fins  de  la  ce.tification  acoustique,  conformement  aux  indications  de  I'Organisatton  de 
I'Aviatkm  Civile  Intematkinale  (OACI).  les  normes  et  to  pratiques  recommandees  appropriees  dans  le  domaine  de  la 
certificatioa  acoustique  des  adoiieb  sont  piesentos  dans  le  ddtail.  pour  ce  qui  concemc  to  avions  a  reaction  subsoniques,  to 
avkms  i  turbopropulseur  lourds  et  Idgers  et  to  helicapteres.  Les  aspects  pratiques  de  la  realisation  des  essais  en  vue  de 
lliamolagatiafi  acoustitpie  soitt  traites  de  facon  approfondie.  Les  caracteristiques  et  to  specifications  des  appareils  de  mesure 
acoustique*  pottr  la  aateie  et  le  trsiiement  des  donnees  son!  examines,  ainsi  que  to  procedures  adoptees  pour  to  calculs 
specifiques  du  'liiveau  effectif  dc  bruit  percu"  (EPNL)  et  du  'Tiiveau  maximal  global  de  bruit  pondere  A'  (L^y^  „»,)  qui  sont 
demandes  pour  la  certification  acoustique  de  diffierents  types  d'aeronefs. 

Cette  AGARDognphie  prfoenie  egatonent  une  synthese  i  la  fois  approfondie,  judicieusr  et  ties  detaillec  des  techniques 
d'essais  et  d'analyse  propres  a  des  etudes  de  bruit  faisant  appel  ii  des  essais  en  vol  ou  cn  souHlerie  soit  a  vraie  grandeur,  soit  a 
echelle  reduite. 
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pattern  and  propeller  harmonic  frequencies  from  flyover  meaaurementa; 

(b)  Example  of  off-aet  ampllficatton/attenuatlon  pattern  with  reapoct  to  harmonic 
apectrum  from  flyover  meaaurementa  (from  Ruf.  40) 

Ground  reflection  interference  function  for  different  microphone  heighta  above  ground 
(from  Ref.  40) 

Helicopter>mounted  awivelllng  microphones  for  nearfield  noise  studies 
(Bell-Helicopter/Textron  teat) 

Main  rotor  pressure  tlma  history  measured  through  helicopter  nacelle  mounted 
microphones  (from  Ref.  42) 

Formation  flight  measuring  technique  for  helicopter  in-flight  noise  research  (US-Army) 

Microphone  on  companion  aeroplane  sensing  both  main  rotor  blade  /vortex-interaction 
and  tail-rotor  acoustic  signal 

Suppression  of  tall  rotor  contributions  by  trigger-locking  onto  main  rotor  signal 

Comparison  of  two  unsvaragod  and  one  (64-tlmes)  averaged  sound  pressure  time 
histories  for  time  apan  of  one  rotor  revolution 

Acoustic  mirror  microphone  for  model  jet  noise  source  localisation  studies  in  the  DNW 
(from  Ref.  46) 

Downstream  shift  of  loudspeaker  generated  tone  source  loca'lon  in  a  hot  model  Jet 
(from  Ref.  46) 

Jet  nolle  source  location  at  16  kUa  for  a  6  cm  diam.  hot  jet  of  530  m/s  speed 
(from  Rsf.  46) 

Downstream  shift  of  jet  noise  sources  (from  Ref.  46) 

Propeller  noise  test  set-up  in  the  German  Dutch  Wind  Tunnel 
Front  view  of  inflow  microphone  arrangement  in  the  DNW 

Bang-test  results  for  Inflow  microphone  reflection  check  after  exploding  charge 

Comparison  of  (a)  unaveragsd  and  (b)  averaged  propeller  noise  time  history  with 
ensuing  narrowband  spectra 

A-welghtad  overall  rotational  noise  levels  vs.  helical  blade  tip  Mach  number  as 
measured  in  the  plane  of  rotation  and  referenced  to  a  sourca/receivar  distance  of  one 
propeller  diameter  (from  Raf.  81) 

Effect  cf  inflow  angle  of  attack  into  a  propeller  plana  (from  Raf.  83) 
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NenMtiwt  A»w«tghUd  '•vmrall  rotktianal  iwlar  tovaU  v«.  baltcal  bUd«  tip  Mach  nuailMr 
for  dlfforont  prepollor  plono  ottltudo  angloa 

Modot  Min  rotor  toot  stud  with  fround-pyton  support  (Uft-Arny/Dlill  toot) 

Coaportoon  of  upotroMO  Inplono  proMuro^tlnm  hlotorloo  for  ono  bUdo-poosngo  fren  wind 
tunnol  ntodol  toots  ond  full-ooolo  flight  tests  (from  Rof.  M  end  SS). 

BVI-lapulslvo  nolso  prosourt  wovofons  conpsrlson  for  stodol  ond  full-ocolo  ot  (o)  low 
ond  (b)  high  odvoneo-rotlos 

40%  sMdol-oeolo  holleoptor  aoln  rotor  test  oot-up  In  the  DMW 

Some  moln  rotor  system  os  In  previous  figure  equipped  with  compotlble  toll  rotor 

Blode  vortex  Interoctlon  contour  plots  under  moln  rotor  system  ns  shown  In  Fig.  4.42e 
(from  Ref.  SO) 

Acoustic  pressure  time  histories  under  moln-rotor/tell-rotor 

Kxtroctlon  of  toil-rotor  noise  contribution  only  from  o  moin-rotor/toll-rotor  model 
experiment 


Flow  chert  to  determine  flyover  noise  EPNL-volues 
Contours  of  Perceived  Noisiness 
Flow  chart:  tone  correction  for  EPNL  computation 
Definition  of  time  duration  within  PNLT  time  history  plots 
Idealised  PNLT  flyover  time  hlatorles 

Maximum  permissible  standard  deviation  a_  and  resulting  standard  error  of  the  mean 
8  as  function  of  the  number  of  flyovers  for  a  90%  confidence  limit  not  exceeding 
+M.5  dS. 

Typical  propeller  aircraft  flyover  noise  levels  with  (a)  very  small  and  (b)  very  large 
standard  deviation  and  respective  minimum  required  mean  level  differences  for  signifi¬ 
cance  Dsltaj  ,5 

Areas  of  significant  level  differences  DsUSq  q.  for  error  probability  of  5%  as  function 
of  standard  deviation  s^  vs.  number  of  flyovnrs  Hf 

Precision  data  'Repeatability  r'  and  'Reproducibility  R'  for  8  propeller-driven  aero¬ 
planes  (A  to  H) 

Confidence  limits  based  on  'Repeatability  r'  from  replicated  tests  and  'Reproducibility 
R'  for  8  propeller-driven  aeroplanes  (A  to  H) 

Example  of  a  statistical  frequency  distribution  of  EPNL  values  In  1  dB  classes 

Maximum  permissible  standard  deviation  s  as  function  of  the  number  of  flyovers 
("sample  slse")  for  a  90%  confidence  limit *not  exceeding  */-  1.5  dB 
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AC 

ACA 

A/D 

AIR 

ANNEX  16 

APU 

ARINC 

BMV 

BNC 

BPF 

BVI 

CAA 

CAEP 

CAEP/1 

CAN 

CAN/1 

CAN/2 

CAS 

CRP 
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DC 

DLR 

DNW 

DOT 

DR 

BDVE 

BPNL 
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PM 

GA 

GMT 

HTH 

HPDA 

HPNOR 

HS 

IAS 

ICAO 


Alurnkttng  Currant 
Alnrarthinaii  Certidcata  Application 
Analog  to  Digital 
Aaroapaea  Inlormatlon  Raport 

Intarnatlonal  Standarda  and  Raconuaandad  Practleaa  "Bnvironntental  Protection", 
ANNEX  16  to  tha  Convantion  on  Intarnatlonal  Civil  Aviation 

Auxiliary  Power  Unit 

(Multiplexer  Unit)  by  Aaronautleal  Radio  Ine 
German  Mlnlatry  of  Tranaportation 
Doaignatlon  tor  type  of  ahlaldad  coaxial  cable 
Blade  passaga  Frequency 
Blada/Vortax  Interaction 
(Brltlth)  Civil  Aviation  Authority 

Conmlttoo  on  Aviation  Environmental  Protection  (Body  of  ICAO) 

First  Meeting  of  CAEP  (in  1986) 

Committee  of  Aircraft  Noise  (Body  of  ICAO) 

First  Meeting  of  CAN 

Second  Meeting  of  CAN,  etc 

Calibrated  Airspeed 

Counter-rotating  Propeller 

10-dB-down  time  (duration  correction  factor) 

Digital  to  Analog 
Direct  Current 

Deutsche  Forschungsanetalt  fUr  Luft-  und  Raumtshrt 
Deutsch-Nlederlllndlscher  Wlndkanal  (German  Dutch  Wind  Tunnel) 

(US)  Department  of  Transportation 
Direct  Recording 

Designation  of  Braunschweig  Airport 

Effective  Perceived  Noise  Level  (also  sometimes  called  L^pj^),  in  units  of  EPNdB 

US-Federal  Aviation  Authority 

Fast  Fourier  Transform 

Frequency  modulated 

General  Aviation 

Greenwich  Mean  Tima 

Helical  Propeller  Blade-tip  Mach-numbar  (also  somatlmss  called  Mj^^j) 

Heavy  Propeller-driven  Aeroplanes  -  refers  to  propeller-driven  aeroplanes  over 
8700  kg  or  9000  kg,  respectively,  maximum  certificated  take-off  mass 

Highest  Power  In  the  Normal  Operating  Range 

High  Speed  (used  in  the  context  of  rotor  Impulsive  noise) 

Indicated  Airspeed 

International  Civil  Aviation  Organisation 

mK 
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INS  iMitUl  Navt^M^  lyskaai 

Inttr  Rang*  Inatruawntailon  Group  (typo  of  rooording  bandwidth) 

Intamatlonal  Standard  Atmaaphoro 
Intagratlng  Sound  Laval  Matar 
KTH  Klnathaodolita 

LSD  tight  gmittlng  Dloda 

LWA  Light  Sroprtlar-drtvan  AarOplanaa  »  rafaro  to  propollar-drlvan  aaroplanes  not 

axeaadlng  STOO  kg  or  fOOO  kg,  roapacttvaly.  In  maximum  cartlflcatad  taka-off  matt 

Lgpi^  Effaetiva  Parcalvad  Nolaa  Laval  (alto  aomatlmat  calltd  BSNL),  In  unita  of  EPNdB 

Lp^f  l-tacond  aquivalant  anargy  nolaa  laval  (alao  callad  Sound  Bxpoturo  Laval,  SEL  and 

provlnutly  often  termed  L^^),  In  unite  of  dB 

Mpjy  Advancing  (rotor  blade  tip)  Mach  number 

MAPS  Microwave  Airplane  Poaltloning  Syttam 

“hal  Helical  Propeller  Blada-tip  Mach-numbar  (alao  aomattmaa  called  HTM) 

MCP  Maximum  Continoua  (Engine)  Power 

MCTOW  Maximum  Cartlflcatad  Take-off  Weight 

MCTOM  Maxi  ium  Cartlflcatad  Taka-off  Matt 

MNOP  Maximum  Normal  Operating  Power 

MPNOR  Maximum  (Engine)  Power  in  the  Normal  Operating  Range 

NASA  (US)  National  Air  and  Space  Adminiatratton 

NOTE  (Brltiah)  National  Gat  Turbine  Eatabliahmant 

NLR  (Dutch)  Nationaal  Lucht-  an  Rulmtevaartlaboratorlum 

NPD  Nolaa/Powar/Dlatance 

OASPL  Overall  Sound  Preature  Level 

OBP  On-board  Proceaaor 

PAPl  Pracition  Approach  Path  Indicator 

PCM  Pulta  Code  Modulated 

PDA  Propeller-driven  Aeroplane 

PNL  Parcalvad  Nolaa  Laval,  in  unita  of  PNdB 

PNLT  Tona-corractad  Perceived  Nolaa  Laval,  in  unita  of  TPNdB 

PNLTM  Maximum  Value  of  the  Tona-correctad  Parcalvad  Nolaa  Level  (occurlng  during  a 

flyover)  in  unita  of  TPNdB 

POP  Photo  Ovarhaad  Poaltioning  (Syatam) 

PSLM  Praclalon  Sound  Laval  Matar 

PTB  Phyaikallach-Tachnltche  Bundeaanatalt 

PTH  Preaaura  Tima  Hiatory  (alao  rafarred  to  aa  'Wave  Perm') 

R/C  Rato  of  Climb 

RH  Rolattvo  Humidity 

RMS  Root  Moan  8<|uara 

RPM  Rotational  Spaed  par  Minute 

RTA  Real  Tlam  Analyaer 

BAE  Society  of  Automotive  Engineering 
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Manno  Hatter 

Qwmn  Aaraapaca  HaaaaraH  CatabllateaaM  (DLA) 
trauaaehwati  Haaaarah  Canter 
Padaml  Rapubtte  of  Oanaany 


Thta  AOARDocraph  daaerlbaa  teatinp  mA  analyala  tedtnteuaa  te  awaaura  airarain  nolaa  primarily  tar 
parpaaai  of  nolaa  eartlftcatlon  aa  apoelflad  by  tba  'International  Civil  Aviation  Orpanliatton', 
ICAO.  Tba  mlavant  aircraft  nolaa  oartificatlon  'Standarda*  and  'Hacnawaandad  Fraetleoa'  (aa  daflnad 
In  ICAO  "ANNEX  It")  ara  praaanted  In  detail  for  aubaonie  Jat  aoroplanoa,  for  heavy  and  light  pro- 
paltar-drtvan  aercplanaa  and  for  hatleoptera.  Tho  practical  aaacutlan  of  conducting  nolao  cortlfU 
cation  taata  la  treated  In  depth.  The  eharaetarlatlca  and  roquiramanta  of  tho  aeouatle  and  non* 
acouatlc  tnatruawntatlon  for  data  aequlaltlon  and  data  proooaaing  arc  dlacuaaad,  aa  ara  the  pro- 
eaduraa  to  datemina  the  apaclal  nolaa  awaauroa  'Effective  Parcalvod  Nolaa  Laval*  (EML)  and  'Maxi¬ 
mum  Overall  A-ualshted  Nolaa  Laval'  (L^  nax^  te^  Dm  nolaa  certification  of  dlt- 

faront  typoa  of  aircraft, 

Thta  AQAEDegraph  alao  contatna  an  axtenalvo  -  although  aaloctivo  -  diacuialen  of  teat  and  analyalc 
taehntquao  for  amro  detailed  aircraft  nolaa  atudlao  by  maana  of  either  flight-axparlmanta  or 
full-acala  and  modol-aealo  wind  tunnel  oxporlamnta. 

Appondlcaa  te  thla  AOAEDograph  provide  aupplamantary  Information  on  certain  aapocta  of  nolaa  cartl- 
ftoatton,  auch  aa  the  calculation  of  the  Effective  Parealved  Nolao  Level,  a  dtaeuaalon  of  an  "aeou- 
atical  ehanga"-avaluatten  and  the  altainabla  procialon  of  flyover  nolaa  neaauramanta,  a  eomparatlva 
ropraaantatlcn  of  nolaa  eartlftcatlon  apoelficatlena  according  to  typoa  and  eatagorioa  of  aircraft, 
tabtea  eoneaming  tho  attraaphorle  aeund  attenuation  and  a  dtaeuaalon  on  tho  validity  of  aircraft 
nolao  data,  aa  obtained  through  vary  few  flyover  maaauroawnta.  Daf.nitlona  of  aovoral  nottona  re¬ 
lated  to  nolaa  teattng  and  analyala  ara  alao  provided. 


INTIOOPCTIOW 


1.1 


Thla  AOAHDngraph  on  aircraft  notaa  amaauramant  and  analyala  tochnlquaa  la  primarily  Intended  to 
aaalat  the  fll^t  teat  engineer  In  hla  effort  to  prapara,  conduct  and  evaluate  a  teat  program  for  tho 
datecminatten  of  the  nolaa  radtatad  by  flight  vahleloa  in  contellanea  with  aatabltahad  notaa  carttflea- 
ttam  praoaduraa. 

Aircraft  nolaa  aarttfteatlon  haa  but  ana  ob}acttvo;  te  datermlna  an  altcmfl  apactflc  nolaa  eortlft- 
eatten  tennl  to  be  aaoooaad  agalnat  a  given  notaa  limit.  Ear  thla  purpaaa  the  aircraft  te  be  teatod 
fl^  tear  ana  or  aavwnl  mteraplianaa,  poaltlonod  diroetly  under  tho  flight  path  or  to  the  aide  of 
th*  night  llNNk.  ftigandtng  on  tha  typo  or  category  of  tho  aircraft.  It  muat  aaocute  a  nutebar  of 
laval  flyaworo  at  a  ipaetflad  height  or  taho  otfa  or  landtag  approaahoa  (or  all  of  thaao)  at  proetaa- 


ly  MtiMd  aparatloMl  oandtUoM.  Dm  ny«w«r  noiM  It  Mtwirtd  utf  etmett4  for  tny  dtvuilont 
tNM  Um  rofwoiiM  ni^t  potti  or  rolOrowet  tptroUoAol  tad  tluttphttk  eendltlono  that  «ty  htva 
oteurrod  dorlac  iht  Ittt.  Par  oath  of  thoao  night  proeodoroa,  tha  oMroetad  ftyovar  nelao  lovola  art 
that  avaragod  avar  all  valid  uat-flyavara,  to  ytold  tha  final  "aartifleatlan  laval". 

Althaagh  tha  IChO  agaelflaatla.to  wtthln  any  partlaalar  toat  praeadura  raqaira  aaly  four  (ala  at 
Mat)  "valid"  flyavara,  si«aingly  a  rathar  adaar  affart,  aartiflaatlao  totting  la  In  Kallty  a  vary 
Invalvad,  labartoaa  and  tlaw-aanaylng  undartnhlng.  larvaylng  and  praparatlon  of  tha  toat  alto, 
aquipawnt  Bc:<i..tlan,  chaek,  aat-ap  and  aalihratlan,  pratoat-  faailllariaattan  nighto  far  tha  banaflt  of 
tha  ptiala  kttd  tha  taaaraaiant  arw,  dotallad  tioathar  ahaarvatlan  In  addition  to  tha  aoawtlawa 
aatrooialy  eamploa  aaauatia  and  nan-aaaaatla  data  aequtaltlan  In  tha  flald,  at  wall  at  tha  tubao- 
•taant  data  analyala  ragwlra  a  vary  good  ovarall  undtratandlng  of  tha  antira  praeadara  by  tha 
raaponalbla  toat  anginaar.  It  la  far  thit  raaaon  that  thla  AOAIISagraph  traatt  all  ralavant  aubjaett 
In  rathar  grant  •  and  hapafully  aufflelant  -  datall  to  pravida  tha  toat  anginaar  with  anough  guld- 
anea  to  plan  and  eanduel  a  wall  thaught>aut  nalaa  aartifleatlan  toat. 

The  aoapa  of  thin  AQARDagraph  goat,  howovrr,  boyand  tha  aartineatlan  aapaata.  If  an  alraraft  data 
not  paaa  a  nalaa  toat.  It  la  lapartant  to  undaratand  why  thla  "fallara"  aeaura.  In  aueh  a  eaaa  It  la 
often  halpfwl  to  Identify  and  laalato  thaoa  partlaalai  aaurcaa  that  ara  raaponalbla  far  tha  "axaoaa" 
nalaa.  Dtdlaatod  night  nalaa  toata  ara  Indicatad  that  will  aaawtlnMa  alaa  pravida  Infanaatlan  on 
ehangaa  In  tha  alraraft  aanflgaratlan  or  In  tha  prapulalan  ayaton  whleh  can  raduca  tha  aoouatlc 
radiation.  Saeh  toata  ara  oaually  anra  aaatorahanalva  and  eavar  a  nueh  braadar  range  of  paraiwtu-ie 
varlattana  than  «(auld  ba  naaaaaary  for  aartineatlan  purpaaaa. 

Cenprahanalva  night  nalaa  toata  ara,  hawavar,  Inharantly  aapanalva.  Tltara  aaawtlawa  ara  ether  - 
laaa  Involved  -  toat  toehnlauoa  to  obtain  tha  raquirad  Infonaatlon,  aueh  at  “aqulvalent  tatting  pro> 
caduraa"  (atlll  aalng  raal  alraraft)  or.aaala  nodal  toata  -  at  tlnwa  avan  full-aaala  -  In  apprapriata 
wind  tunnaU.  Tunnel  totting  •  In  tha  author'a  opinion  •  playa  an  Important  lala  In  furthering  the 
undaratandlng  of  lha  aaraaaauatlaa  of  Individual  alraraft-ralatad  nalaa  gonaratera  (prapallara, 
rotora,  )ato).  Such  ln>dapth  Mating  will  net  aaly  pravida  data  far  Improving  earttficatlan  proea- 
durat  and  making  them  awra  afficlant  and  aeeurata,  but  will  -  In  tha  and  -  parhana  avan  allow  tha 
aatabllahmant  of  mera  atrlngant  nalaa  llmita  that  ara  bated  on  taehnleal  prograaa  rathar  than  wtah> 
ful  thinking.  Macuaaing  In  datall  tha  advantagaa  and  dUadvantagaa  of  flight  and  wind  tunnel 
eaparhaanta  uaing  aalaetod  aaamploa  that  ara  not  apeclfleally  undertaken  In  tho  eonwat  of  nalaa 
eartlflcatlon  Mating  and  analyala  la  tharafaro  alao  eonaidarad  an  Important  ebjaetlva  of  thla 
ACARDograph. 


1.1  Content  of  ABARPanraph 

Thla  ACARDegraph  daala  with  flight  vahiclaa  only,  apaelfleally  with  flaad-wtng  aubaonic  aircraft 
and  halleoptara.  It  la  raatrletod  to  aatortar  nalaa  at  radlatod  Individually  from  thaaa  typaa  of  air¬ 
craft.  Tha  maaauromant  of  Intorlor  nalaa  In  »ho  aircraft  and  tha  vaat  area  of  nolao  contouring 
around  alrparto  ara  outaldo  tha  aoapa  of  thla  ACARDograph.  The  aubject  la  traatod  In  throe  major 
aactlana: 

o  Nalaa  Cartlflcatlan  af  Aircraft  -  Laglalativa  Aapaata:  ICAO-ANNtX  It; 

a  Nalaa  Cartiftaatlon  Plight  Tbatlng  and  Analyala  TOchnlquea; 

a  Plight  and  Hind  Tunnel  Nalaa  Tooting  far  Rata  arch  and/ar  Davalapomnt  Purpaaaa. 

Tho  firat  •tetlon  diaatwaaa  lha  legal  aapaata  and  a  nuatbar  af  taehnleal  and  proaadural  aapaata  In 
the  no^t  aartlflaatton  af  aPhatmlp  Jol  nmtaplnmaa,  hanvy  prapallaa  driven  aara^niHa,  light  prapal- 
tor  drlvan  nanplaMa  and  haUatgtMa,  aa  apaalftod  by  tha  Intomatlonal  Civil  Avtaticn  Organlaatlan. 
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flw  mmM  tMUM  UMU  -  la  tf*alar  4ifUi  •  imI  m4  sMlyala  tachalqata  far  Uta  aalaa  atrtinea- 
ilM  af  tiMM  typaa  af  aifantt.  Plamai  with  aoamUa  ait4  aaa  aeaaaua  (aNtaaralaflaal  aa4  niplit* 
uaahlag)  laatwwwatattaa.  thU  aaatlaa  aaatlaaaa  with  a  dUaeuaalaa  af  taat  prtparallan.  aaalpaNat 
aalaatlaa  aart  laharatary  prt  ehaaaa,  Iiialv4lac  aipaau  af  tha  aptlawNa  taai-alu  aalaatian,  aaulp*aat 
daplagnaaat,  ftaia  Baawatalaatlaa.  laat«aaaaattaa,  4ata  aaavlaltlaa  aah  aa>llaa  data  radaattan,  to 
aanalwda  with  aft-llaa  (laharatary)  data  aaalyala  aad  laiarpratatlaa. 

Ttw  third  daattaa  daala  with  apaelal  flldht  aaparlMata  aa^laylap  aubaanle  Jat-aarapUaaa.  prapalUr- 
alraraft  aad  hallaaplara  aad  with  aarraapandlai  latt  prapatlar  aad  ralar  aapartawata  In  wlad-ian- 
nata.  Thia  aaetlan  lllaatrataa  haw  fllpht  and  wind-tanaal  laata  aaa  halp  ta  lavaattgau  flight  aalaa 
prablaaM  that  ga  bayand  tha  aaapa  af  a  atandard  aalaa  aartlfleatlan  taat. 

Appaadlaaa  ta  thIa  AOARDagraph  dlacuaa  (A)  tha  ealeulatlaa  af  tha  'tffaetlva  Paraalrad  Halaa  Laval', 
(t)  tha  atatlallcally  carraat  avaluatlan  af  "aeauattcal  ehangaa"  on  atroralt  and  tha  praalalon  af  fly- 
evar  aalaa  aMMauraaNnta  and  (C)  eaaBaanaltllaa  and  ditfaraaaaa  In  tha  naiad  aartlfleatlan  af  alraraft 
aeeardlag  ta  typa  and  eatagary .  Addliianal  Appandlaaa  pravida  (D)  aUaaapharle  attanuatlan  eaattleU 
anta  aa  fliactlan  af  huwldlty  and  tamparatura  whieh  ara  naeaaaary  ta  aoMpwta  tha  attanuatlan  of 
aound  aa  It  propagataa  through  tha  atuMaphara,  and  deal  with  (I)  tha  aatahllahaant  af  tha  validity 
of  flyavar  naiaa  taat  raaulla. 

Spaelala  aaotlona  at  tha  and  of  thia  AOAROograph  axplain  acouatical  tonna  and  ayaibola  uaad. 


l.d 


Dtaria 


NauMa  of  aMnufaelurara  and  of  laelinlcal  adulpawnt  ara  given  only  for  purpoaaa  of  llluatratlon  and 
aa  typical  aaaavloa.  Naming  aqulpamnt  auppllara  and  apaelal  Itoam  la  not  Intondad  aa  aa  andaraa- 
mant  for  oartain  pradueta.  Bquipawnt  of  eompnrabla  quality  la  available  from  other  manufacturara. 


t.  wom  cwiriCATioii  or  AipchAinr 


8.1  IntraduaUan 


Tha  nolaa  ganaratad  by  an  aircraft  undargoaa  aignificant  ehangaa  aa  It  propagataa  towarda  an  eb> 
aarvar  on  tha  ground.  In  general  taroM,  tha  "art"  of  amaauiing  aircraft  nolaa  llaa  In  properly 
accounting  for  tha  affacta  of  all  non-nolaa-aourea-ralatod  diaturbancaa  In  order  to  dotarmino  the 
"true"  aaurca  nolaa  level  (l.a.  tha  nolaa  aa  amlttad  by  tha  aircraft).  Only  on  tha  baala  af  tha 
aceurataly  datarmlnod  true  aauraa  nolaa  (wharaby  tha  dagraa  of  accuracy  required  a>ay  wall  vary) 
will  It  be  peaaible  -  for  asampla  •  to  make  nolaa>comparlaona  batwaan  aircraft. 

In  nolaa  cartltleatlan  It  la,  hewavar,  tha  nolaa  aa  raealvad  by  an  obaarvar  atandlng  on  tha  ground 
and  llatanlng  to  an  aircraft  In  flyavar  (l.a.  tha  igm]ttad  naiaa)  that  la  af  primary  intaraat.  In 
!  thia  aaaa  the  aauraa  diraotivlty  and  tha  diatanoo  aircraft/eb  aarvar  at  tha  thaa  whan  tha  aceuatlc 

aignal  la  amlttad  amat  be  acoatmtod  for.  Tha  aalaa  from  an  airoraft  la  not  nacaaaarlly  loudaat  whan 
tha  aircraft  to  dtroatly  avarhaad;  aircraft  aalaa  fraquaatly  raachaa  a  amalantm  whan  the  aircraft  ta 
approaching  ar  raeaadtng.  Moroavor,  atawaphartc  and  apharical  apraading  loaaaa  account  far  tha 
altaauatton  af  amind  aa  It  propagataa  away  from  tha  aircraft:  hanoa  diatanca  hna  a  aignificant 
atteat  an  Iba  naiaa  laval  aa  abaaraad  aa  tha  ground. 

Thara  are  nwmaeoaB  additional  Influaneaa  that  may  have  affOatad  tha  aalaa  bafara  It  raaehaa  tha 
abaaraar'a  ear  (ar  tha  mieraphana):  wind  may  have  blowa  tha  nolaa  tawardo  ar  away  from  tha 
abaarear,  nearby  raOaatlng  aarfaaaa,  rnnh  aa  buUdiaga  or  traaa,  ar  -  quite  taportaally  •  tha 


I 


. . .  n, , . . 


rtg.  1.1  Aircraft  nclaa  MaaauraaMnt  acanarte 


Aircraft  naiaa  la  alaa  inflgaoead  at  the  aaurea  by  ambiant  oomditiona;  far  aaaaplai  lawparatura  par¬ 
tially  datanainaa  tba  Hach-nuaibar  (ratio  of  a  typical  apaad.  aueb  aa  a  flight  apaad  or  a  rotational 
apaad  and  tha  anbiant  apaad  of  aound  in  air)  which  in  turn  affaeta  tha  naiaa  ganaration  pracaaa  of 
an  alroraft-prapallar  or  of  a  haliooptar-rotor;  air-praaauro  affaeta  tha  power  and  thua  tha  noiaa- 
outpMt  of  platan-  or  gaa-turbina-onginao  or  awy  influanoa  tha  throat  of  a  Jot  angina  and  thua  again 
tha  noiaa. 

Aa  atatad  alraady,  in  tha  prreaaa  of  aircraft  noiaa  eartifioatian  tha  naiaa  (aval  mat  ba  datarminad 
aa  it  oecura  on  tha  ground,  with  tha  affaeta  of  all  nan-aircraft  ralatad  paraaMtara  aecountad  for 
Ineliiding  tha  diotanea  (t.a.  apharfeal  apraading  attanuation  affaeta).  Stnea  tha  naiaa  ta  am au rad  an 
tha  ground,  rathar  than  in  tha  taanadiala  naighbarhoad  of  tha  flying  aircraft  (which  ia  leawttaiai 
Aa  battar  approach),  all  aubh  paramtara  amat  ba  datanainad  and  apprapriata  oarractiona  ba 
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•ppllwl  In  onlrr  to  obtOln  a  ehnroeMrt«in(  nelM  lovol  of  tho  aircraft.  How  this  It  dona,  it  largely 
tha  tttb]tet  of  thlt  AOAROograph. 

lor  thta  purpoat  tha  immlttad  aeouttlc  tignal  from  tha  aircraft  flying  ovarhaad  mutt  ba  maaaurad 
over  a  auffloiantly  axtandad  flyover  time  and  ovar  a  wide  frequency  range  ualng  one  or  aeveral 
nlcrophonea  that  are  poaltlonad '  along  or  orthogonal  to  the  aircraft 'a  flight  path,  depending  on  the 
type  or  category  of  tho  aircraft.  Normally,  tho  aound-aignala  are  recorded  for  later  laboratory  ana- 
lyala.  During  the  actual  meaauroment  the  aircraft  muat  follow  a  preeltaly  tpoeifled  flight-path.  At 
the  tame  tlam  the  Important  aircraft  flight  and  operational  parametara  are  monitored  and  meteorolo¬ 
gical  information  la  gathered  at  the  teat  aite  and  along  the  aound  propagation  path. 

Tha  tranelent  and  unataady  aound  algnal  will  uaually  be  proceaaod  In  one  of  two  waya.  For  light 
propollor-drlvan  aircraft,  for  example,  only  the  'maximum  A-weighted  nolae  level,  during 

flyover  la  of  intaraat.  Datarmlnatlon  of  the  L_.  requires  next  to  no  analytical  effort.  In  prin- 

pAglllmlX 

ciple  It  can  be  obtained  directly  from  a  visual  read-out  on  a  (precision)  sound  level  meter,  either 
on-line  In  tha  field  or  off-line  In  the  laboratory  from  the  recorded  data.  Only  minor  corrections  are 
necessary  to  arrive  at  the  actual  certification  nolae  level.  Heavy  propeller-driven  aeroplanes,  sub¬ 
sonic  Jet  aircraft  and  helicopters,  on  the  other  hand,  are  acoustically  evaluated  In  terms  of  the 
'Effective  Perceived  Noise  Level,  EPNL'.  Determinatlor  of  the  BPNL  nscessitatea  a  computer  and  is  a 
fairly  complex  analytical  procedure.  Computation  of  the  EPNL  will  be  explained  in  detail  In 
Appendix  A  to  this  AGARDograph  and  the  reader  is  encouraged  to  refer  to  this  Appendix  whenever 
the  subject  of  noise  measures  la  encountered.  An  example  of  an  EPNL  determination  will  also  ba 
provided  In  Section  3.6.2  of  this  AGARDograph.  A  vary  brief  explanation  of  the  two  noise  maaaurea 
LpA  EPNL  la  given  In  the  following: 

The  human  auditory  ayatam  responds  to  frequenelas  from  approximately  16  Hi  to  16000  Ht.  The  ear's 
aenaitlvlty  varies,  however,  with  frequency:  It  is  rather  Insensitive  at  vary  low  and  very  high 
frequencies,  but  very  sensitive  at  frequencies  in  between.  This  is  exemplified  In  Fig.  2.2  where 


Fig.  3.2  Contours  of  equal  loudness 
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contours  of 'oquol .  loudnoss  for  puro  tones  sro  shewn.  For  ssoaiplOt  a  1000  Hs  tons  of  80  dB  appsars 
as  loud  as  a  80  Hs  tone  of  98  dB  or  as  a  8000  Hs  tons  of  87  dB.  Tha  oar  Is  swst  sanstttva  botwaon 
3000  and  4000  Hs. 

TMs  sansttlvlty  la  now  accounted  for  by  tha  A-walfhting  curve  (which  is  a  vary  rough  approxima¬ 
tion  of  an  Inverse  loudness  contour),  as  shown  In  Flat  8.3.  A-weightlng  thus  do-smphastaes  spec¬ 
tral  portions  below  800  Hs  and  above  8000  Hs,  while  smphaslslng  those  in  ths  frequency  range  from 
1000  Hs  to  4000  Hs,  without  regard,  however,  to  the  absolute  noise  level.  Subjecting  any  noise  to 
A-wolghtlng  therefore  anphaslxas  tha  moat  sensitive  frequency  regbne  of  the  human  auditory  aystem. 
It  is  worth  mentioning  that  tha  notae  measure  correlates  rather  well  with  "annoyance"  caused 

by  noise,  which  Is  frequently  defined  as  "unwanM  sound".  There  are  other  weighting  curves,  such 
as  C-welghtlng  which  Is  soamtlmsa  used  to  da-enphasise  ths  very  low  frequencies  (such  low 
frequencies  may  be  a  problem  on  a  microphone  in  the  open  when  tha  wind  blows  at  it). 


Frequency  Hz 

_ BBL 

Fig.  8.3  A-welghtlng  and  C-welghtlng  Curves  (Frequency  Response  Characteristics  of  SLMs) 

Computation  of  the  EPNL  requires  the  determination  of  sound  pressure  level  1/3-octave  band  spectra 
over  a  large  frequency  range  (from  at  least  25  Hz  to  10000  Hz)  at  O.S-second  fixed  time  Intervals 
over  a  time  span  that  covers  the  period  where  the  aircraft's  flyover  noise  is  within  10  to  IS  dB 
below  the  maximum.  Each  of  these  spectra  (typically  between  30  and  60  for  each  flyover  event)  is 
Individually  subjected  to  a  level-dependent  noise-weighting  -  somewhat  different  from  an  A-welght¬ 
lng  but  again  in  correspondence  to  the  human  perception  of  sound.  Each  spectrum  is  further  indivi¬ 
dually  corrected  for  distance  effects  (since  the  actual  distance  alrcraft/observer  continually  changes 
during  tha  flyover)  and  for  atmospheric  attenuation  effects;  finally  an  adjustment  is  made  for  the 
presence  of  pronounced  tones  within  each  spectrum  to  arrive  at  the  composite  noise-measure.  Obvi¬ 
ously,  tha  EPNl.  cannot  readily  be  determined  on-line  in  the  field,  but  requires  data  storage  and 
off-line  computer  analysis.  Modern  equipment  allows,  however,  the  determination  of  an  EPNL-value 
in  near  real  time,  so  that  the  validity  of  a  flyover  event  -  as  far  as  the  final  noise  measure  is 
concerned  -  can  be  eatablishad  within  a  few  minutes  of  the  test. 

It  should  be  well  understood  that  in  measuring  aircraft  flyover  noise  one  cannot  expect  the  same 
accuracy  and  repeatability  aa  in  other  areas,  such  as  in  aircraft  performance  swasurements,  for 
example.  In  fact  the  question  of  repeatability  In  flyover  noise  measurements  is  a  very  serious  issue 
and  the  quest  for  repeatability  is  one  reason  why  certification  norms  are  so  detailed,  as  will  be- 
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oeiM  quit*  cl*ar  in  th*  tellowlng  Metiona  of  thl*  ChapUr.  For  pra*ti«al  r*aaona,  th*  numbar  of 
nyevar  nola*  MaauralMi^tB  I*  iMltatf,  bartatMly  to  an  axtant  that  laifa  numbar  sthtlMtea  cannot  b* 
appUad.  Aa  statad  bafora,  4  to  8  valid  taat  flight*  ia  all  that  la  raquirad  tor  any  particular  nola* 
eartlflcatlon  praMMur*.  Annandlx  B  to  ttita  AcAjjtDograph  is  tharcfor*  davotad  to  th*  problam  of  sta- 
tiatlcal  accuracy  and  rapaatabllity  in  awasurlng  aircraft  nola*  with  small  sampl*  slsa. 

JSfiJUBSUS 

Th*  taat  and  analysi*  praeaduraa  for  aircraft  nolsa-csrttttcatlon  hav*  baan  developed  by  the 

'Intoiqistloaal  Civil  Aviation  Qrl^ilatlan'  (ICAO)  within  th*  last  two  dacadas.  For  this  purpose, 
ICAO  had  instituted  a  apacisii  ht^i  th*  'COtasiitt**  Aircraft  Hois*'  (CAN),  which  ha*  baan  re- 
spon|lb)*  divalopingi  ra^itM^  and  Impravlng  tha  nolsa  cartlfication  procadurae  for  all  typos  of 
airefatt.  In  tha  oourao  Of  ttaiilV' ;ata(*  7  major  CAN-aiaatlnga  (CAN/l  to  CAM/7)  ovary  two 

to  thro*  .yuan,  Ih  1883.  CAN  tai  boon  ranaSwd  ’Ceaualttaa  on  Aviation  Environmental  Protection' 
(CANP)  to  raflaet  its  broader  acopa,  which  now  covers  all  kinds  of  aircraft  emissions  (Including  an¬ 
gina 'wahaust  gases) .  Th*  first  (and  amst  recant)  moating  of  CAEP  CCAEP/l")  occurred  in  1986,  and 
this  AMNOegraph  oasaatially  raflacta  th*  state  of  nolsa  certification  a*  of  this  data,  taking  however 
all  aawndmants  ainca  that  tima  into  account. 

Nolaa-certiflcatlon  "Standards"  Md  "^commended  Practices"  (so-called  'SARPs')  for  subsonic  Jet-air¬ 
craft  and  heavy  propallar-drlyon  aaroplanas  war*  firat  issued  more  than  IS  years  ago.  Correspond¬ 
ing  SARPs  for  light  propallar^rivan  aaroplanas  war*  introduced  in  1975,  and  for  helicopters  in  1981 
(Fig.  >.4)«  Approximately  180  airfaring  stataa  presently  contract  to  ICAO.  Hera,  the  term  "contract" 
impllas  that  such  stataa  in  their  national  noise  legislation  adhere  to  ICAO  SARPs.  No  state  is  forced 
to  accept  or  adopt  thase  antlraly,  but  any  deviation  in  tha  application  by  a  national  authority 
must  officially  be  brought  to  the  attention  of  ICAO.  It  is  worth  noting  that  at  present  only  10  to  IS 
of  the  ICAO  member  stataa  ur*  raprasantad  in,  or  directly  contribute  to  the  work  of,  CAEP.  The 
ICAO-doeumant;  which  contains  all  spaelfleation*  for  controlling  aircraft  nolsa  emission  and  Immls- 
sion,  is  entitled  "International  Standards  and  Recommended  Practices  -  Environmental  Protection; 
ANNEX  18  to  the  Convention  on  International  Civil  Aviation  /  Volume  1  'Aircraft  Noise'  |1|.  Its  first 
edition  dates  from  1981,  it*  second  edition  appeared  in  1988.  This  document  is  commonly  referred  to 
a*  "ANNEX  16". 


2.3  Structure  and  Cwitent  of  ANNEX  16  (1988  Edition) 


Thera  have  been  several  editions  of  ANNEX  16.  Th*  most  recent  (1988)  edition  contains,  within  Vol¬ 
ume  1,  five  Part*  (with  Roman  numerals);  hare  Part  II  ,  in  particular,  deals  with  aircraft  iiolse 
certification  along  10  Chapters,  aach  davotad  to  a  particular  type  and/or  weight-category  of  air¬ 
craft.  Pui^ermore,  the  ANNEX  edition  contain*  six  Appendices  (with  Arabic  numerals)  and  four 
Attachamnis  (with  sequential  capital  letters).  This  structure  is  shown  in  on  Page  10.  Of  special  in¬ 
terest  ia  the  context  of  this  AGAROograph  ar*  Chapters  3,  6,  8,  and  10  of  Part  II,  Appendices  2, 
3,  4  and  8,  and  Attachments  A  and  D,  i.e.  those  dealing  with  subsonic  jet-aeroplanes,  heavy  and 
light  pmipaller-drlvan  aarqplanaa  and  halicopters.  Understanding  the  content  and  structure  of  ANNEX 
16  1*  helpful,  sine*  in  th*  'IJargon  of  th*  axperta"  terms  such  as  "Chapter-3  aircraft"  or  a 
"Chaptar^iO  vs  a  "Chaptar-S  procadura"  ar*  frequently  used. 

In  AMN^  18i  a  CHAPTER  dafinea  th*  nola*  evaluation  measure  to  be  used  for  the  type  or  category 
of  atrbra^  (a'.g.  a  'maximum  A-w*lght*d  Nolsa  Laval'  or  an  'Effective  Perceived  Noise  Level', 
etc.),  it  specifies  the  measurement  locations,  the  noise  limit*  and  certain  procedural  aspects,  such 
as  tha  required  engine-power  setting  or  flight-speed  for  the  certification  test.  An  APPENDIX  defines 
the  test  environment  (e.g.  the  permissible  atmospheric  conditions),  certain  requirements  about  the 
data-acqulaltion  equipment  and,  where  necessary,  computation  procedures  for  caleulatlng  the  noise 
measure.  It  also  contains  the  requirements  for  reporting  to  the  authqrlties.  An  ATTACHNENT,  final* 
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IjTt  provldM  kMlttmia)  ipitdanM  Mtarlal  for  tho  applioatlen  of  tho  mloo  ond  rogulotiono  of  Chop- 
tor*  and  AppMtdtM*.  It  nay  contain  atnpUftad  nathonatleal  tomwlatlona  or  datalU  of  roeoanandod 
Bltemat*  C'oqulvaUnt")  procoduro*. 

ICAO  ha*  ganoratad  a  apaclal  Taehnlcal  Manual  |2|  axplalnlng  In  graatar  datail  tha  uaa  of  tho 
varlou*  procadura*  In  tha  nolaa  eartlfleatlon  of  atrciaft  than  1*  poaalblo  In  tha  ANNEX  16  doeunnnt. 
Thl*  Manual  muat  ba  oonaMilhad  aal  a  ntry  halpMr  fuppIaaMHt  to  tha  ANNEX  16  documant  par  aa.  A* 
*tat*d  In  tha  Introduction  to  thl*  Manual,  'It*  aim  1*  to  proowta  uniformity  in  tha  Implamantation  of 
tha  taehnlcal  procadura*  of  ANNEX  16,  Volume  1,  and  to  provtda  guidance  ouch  that  all  eartiflcatlng 
authorltla*  can  apply  tha  aama  dograe  of  atringancy  and  tha  aama  erltaria  tor  acccptanco  In 
approving  applications  for  tha  uaa  of  "aquivalant  procadura*"'.  A*  will  be  rocallad,  "aqulvalont 
procadura*"  do  not  follow  exactly  the  procadura*  a*  dallnaatad  In  ANNEX  16,  but  provide  the  aama 
quality  data  and/or  Information  required  for  purpo***  of  nolaa  certification;  they  are  uaually  "more 
practical"  or  laaa  Involved  than  tha  vary  ANNEX  16  procadura*.  However,  any  equivalent  procedure 
muat  b*  approved  by  tha  certificating  authority  prior  to  It*  application  In  nolaa  eartlfleatlon. 

For  purpoaa*  of  noise  certification,  propeller-driven  aeroplane*  have  originally  been  divided,  some¬ 
what  arbltrorily,  into  those  with  a  maximum  certificated  take-off  mass  of  more  than  STOO  kg,  and 
those  not  exceeding  S700  kg.  This  mass  limit  ha*  recently  been  raiaad  to  900P  kg.  Those  below  thl* 
mass-limit  (uaually  rafarrad  to  as  'light  propeller-driven  aeroplane*'  or  simply  LPOA)  include  the 
vast  majority  of  General  Aviation  aeroplane*  with  on*  or  two  engines;  those  over  this  limit  (usually 
referred  to  a*  'heavy  propeller-drivei.  aeroplanes'  or  simply  HPDA)  represent  the  commercial  and/or 
commuter  and  heavy  transport-category  aircraft  with  2,  3  or  4  engines  and  with  a  mass  of  up  to 
several  hundred-thousand  kilograms. 

Light  propeller  aircraft  typlcaUv  operate  from  smaller  airfields,  whereas  the  heavy  ones  use  the 
same  airports  as  commercial  jet-airliners.  It  was  argued,  therefore,  that  the  latter  should  be 
subjected  to  the  same  noise  regulations  as  turbo-jet  aeroplane*.  Until  about  S  years  ago,  the  heavy 
propeller-driven  aeroplanes  were  dealt  with  in  a  separate  ANNEX  Chapter  (Chapter  5),  whereas  the 
subsonic  Jet-seroplsnes  were  covered  in  Chapter  2  and  In  Chapter  3.  The  latter  dintinction  relates 
to  the  date  at  which  tha  application  for  the  certificate  of  airworthiness  for  the  prototype  was 
accepted:  As  shown  on  the  following  page.  Chapter  3  applies  if  the  application  was  filed  "before  6 
October  1977",  Chapter  3  if  this  date  was  "on  or  after  6  October  1977".  This  is  in  effect  a  distinc¬ 
tion  between  old  aii-1  new  aircraft.  Since  the  Chapter-2  aeroplanes  will  be  phased  out  in  the 

Nineties,  there  is  no  great  need  to  discuss  Chapter  2  in  detail. 

All  new  subsonic  Jet-aeroplane*  will  hsve  to  comply  with  Chapter  3  regulations  (which  sre  more 

stringent  than  the  Chapter  2  regulations).  For  the  heavy  propeller-driven  aeroplanea  ICAO  ha*  In¬ 
serted  sn  applicability  clause  into  Chapter  3.  Those  aeruplanes  for  which  the  prototype  application 
has  been  received  on  or  after  17  November  1988  would  have  to  comply  with  the  provisions  of  Chap¬ 
ter  3.  Already  in  the  past,  ChapU^rs  3  and  8  utilised  one  common  Appendix,  i.e.  Appendix  2;  the 
dismissal  of  Chapter  5  should  further  consolidate  the  noise  certification  of  these  two  types  of 
aircraft. 

Subsonic  Jet  aeroplanes  and  heavy  propeller-driven  aeroplanes  will  therefore  be  discussed  Jointly  in 
on*  Section  referring  to  Chapter  3  and  -  where  pertinent  -  to  Chapter  5,  not  however  to  Chapter  2; 
differences  between  Chapters  3  and  8  will  be  pointed  out. 

The  noise  certification  procedure  for  light  propeller-driven  aeroplanes  1*  covered  in  ANNEX  16/ 
Chapter  6  and  Appendix  3.  Aa  stated,  CAEP/t  raised  the  mass-distinction  between  light  and  heavy 
propeller-driven  aeroplanes  to  9000  kg.  Chapter  6  now  Includes  aeroplanes  up  to  that  mass-value. 
Reeently,  ICAO  Introduced  an  altogether  new  noise  certification  procedure  for  light  propeller-driven 
aeroplanes.  The  new  procedure  defines  an  entirely  different  test-methodology.  Tha  relevant  ANNEX 
Sections  are  iersMd  Chapter  10  and  Appendix  6.  Although  the  new  noise  certification  procedure 
became  effective  aa  of  17  November  1988,  there  Is  a  fall-back  provision:  aeroplanes  which  are  un- 


to 


Part  III 


Part  IV 


Part  II  CHAPTERS:  Aircraft  Noise  Carttfieatton 

Chap.  1: 

Adniniatration 

Chap.  2: 

Subsonic  1st  Aeroplanes  (ACA*  before  6  Oct  77) 

Chap.  3: 

Subsonic  Jet  Aeroplanes  (ACA  on/after  6  Oct  77) 

Prop. -driven  Aeroplanes  over  S700  he  (ACA  on/after  1  Jan  85;  before 

17 

Nov  88) 

Prop. -driven  Aeroplanes  over  9000  kg  (ACA  on/after  17  Nov  86) 

Chap.  4; 

Supersonic  Aeroplanes 

Chap.  S: 

Propellar-drlven  Aeroplanes  over  5700  kg  (ACA  before  1  Jan  85) 

Chap.  6; 

Propttller-drlven  A«ropUne*  not  exeoodlng  9Q00  kg  (ACA  boforo  17  Nov  88) 

Chap.  7; 

Propeller-driven  8TOL  Aeroplanes 

Chap.  Si 

Helicopters 

Chap.  9: 

Auxiliary  Power  units  and  Aircraft  Systems  at  Ground  Operation 

Chap. 10: 

Propeller-driven  Aeroplanes  not  exceeding  9000  kg  (ACA  on/after  17  Nov 

88) 

APPENDICES:  Evaluation  of  Noise  Certification  of  ... 

App.  1: 

Subsonic  Jet  Aeroplanes  (ACA  before  6  Oct  77) 

App.  2: 

Subsonic  Jet  Aeroplanes  (ACA  on/after  6  Oct  77) 

Prop. -driven  Aeroplanes  over  8700  kg  (ACA  on/after  1  Jan  85;  before 

17 

Nov  88) 

Prop. -driven  Aeroplanes  over  9000  kg  (ACA  on/after  17  Nov  88) 

App.  3: 

ProptU^r-dHvm  A«rQpUn«i  not  oxeooding  9000  kg  (ACA  bnforn  17  Nov  88) 

App.  4: 

Helicopters 

App.  S: 

Monitoring  Aircraft  Noise  at  Aerodrowes 

App.  6; 

Propeller-driven  Aeroplanes  not  exceeding  9000  kg  (ACA  on/after  17  Nov 

88) 

1  ATTACHMENTS:  Guidance  and  Explanatory  Material 

Att.  A: 

Equations  for  Noise  Level  Calculations 

Att.  B: 

Noise  Certification  of  Propeller-driven  8TOL  Aeroplanes 

Att.  C; 

Noise  Certification  of  Auxiliary  Power  Units  (APUs) 

Att.  0: 

Alternative  Method  for  Hslioopter  Noise  Measureewnt 

*)  .ACA  *  Airworthtnaaa  Cartlflcata  Application  for  tho  Prototype  acoopUd 
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Th*  eiUTMt  •pvMaMUMr  M  mcMI*  AMOX  CMptm  mA  ht  pMipallwMIrlvw  ••ropUna* 

«tow.  hwrrwr .  Ml  mHv  ••  ^*•1'  *>tt.  bn*  .«tM  «n  tli*  4pU,  whM  Dm  •pplleatlon  for  th« 

pwwtjfpa  alrMrUHiNM  owUtlMM  wm  applM  tor.  toMMily.  with  Mvaral  Chaptar*  aad  Appandleaa 
bainc  In  toraa  abwiltanaanaly.  tha  ptatura  -  for  tha  "uninltiatad"  -  It  aoawwhat  aontoalnc*  To  halp 
mtangla  Ihla  "apptleablllty  anarl",  tha  totlawtng  lIMIng  la  providadi 


tooaallar-drtran  Attmlam  Hataa  Carttftaatlan  AbUtaabtllty  dahaatto 


Aircraft 

Weight  (Maaa) 

Alrworthlnaaa 

Cartifleata 

Applleatlan 

aooaptad 

Applicable 

Chapter 

Applicable 

Appendix 

net  aacaading 
8000  kg 

bofora 

IT  Nov.  88 

8 

3 

net  aacaading 
9000  kg 

on  or  after 

IT  Nov.  88 

10 

6 

ov«r 

6700  k| 

before 

1  Fab.  85 

s 

2 

ov«r 

5700  kg 

on  or  after 

1  Jan  88 

before 

IT  Nov  88 

8 

3 

ov«r 

9000  kg 

on  or  after 

17  Nov.  88 

3 

3 

■aUaoplar  nolaa  oartlflcatlon  la  covarad  In  tha  ANHSX  In  Chaptar  8  and  AppandU  4  and  will  bo  dla- 
cwaaad  In  Ita  lataat  'CAtP/l'-varalon.  Although  tha  hallcoptor  noita  eartlfleatton  Standards  hava 
baan  In  aftoet  tor  only  a  tow  yaara.  aavaral  substantial  ehangaa  havo  ainca  baan  Inplaawntad. 

Thara  ara  awny  eoaaaonatltlaa  In  tha  nolaa  oartlflcatlon  prooaduras  batwaon  tha  various  typos  of  air¬ 
craft.  Rathar  than  dlseusalng,  howavar.  foanaon  faaturas  of  nolaa  cartlflcatlon  for  Jat  aircraft,  pro- 
pallar-drtvon  aircraft  and  haliooptora,  and  pointing  out  dlffsroncas  as  thsy  arise.  It  was  conslderad 
aNPa  banaflolal  tor  the  reader  to  treat  each  aircraft  eatagary  ooaantlally  on  an  Individual  baala. 
Tha  raadar  can  than  go  through  tha  particular  dtaptar  tor  the  type  of  aircraft  of  his  Intarast,  aad 
readily  obtain  all  tha  aaoaaaary  Infonnatlon.  Par  aaao  of  raferanoa,  howavar,  AppandU  C*  of  this 
AOAKDagraph  ooniparaa  nolaa  oartlflcatlan  aapocta  aeoerdlng  to  aircraft  typos  and  catsgortoa. 

Saab  malar  aaetlon  In  tha  following  la  tharatoro  davotad  to  partteular  typos  of  aircraft;  Section  3.4 
ta  aabasnie  lot  aarcplanaa  and  haavy  propallar  driven  aaroplanaa;  Sactlon  3.8  to  light  propollar- 
ditvan  aaroplanaa,  currant  praaadura;  taotloo  S.S  ta  light  propallor-drlvon  aoraplanoa,  now  prooa- 
dursi  aad  taction  3.7  to  hollooptara. 


*  lha  raadar  will  roaltaa  that  tha  author  faaaa  a  alight  dilammai  Thia  AOAIBagraph  has  ohaptara 
and  appandleaa,  aa  has  tha  ADMIX  It.  Proai  tha  cantaat  It  ahauld  howavar  baooma  clear  what  Is 
meant.  To  aamowhat  raduoa  a  paaolbla  canfuatan,  AQAtPagraph  Appnndtoaa  will  ba  Idantlflad  by 
eaplt^  lattara  A,  ■,  C,  ate,  lutbar  than  by  nuaAan,  aa  In  tha  MMIX. 
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t.4  BKW  4t  tm  Ml*  ■«»  fw 

immiaam  UKm  mikmtn  »<K  •>  ii  » 

M.1 


ChupMr  3  and  Ap^dU  3  of  ANNEX  U  aro  thua  applleabU  (1)  to  aubaenie  Jot  aoroplanoa  with  pro> 
tolypo  alrworthtnaaa  appltcatlon  acotptod  on  or  aflor  e  Oetobor  1377,  (3)  to  propoUar-drlvan  aaro- 
Planoa  om  8700  kf  with  prototypo  alrworthlnaaa  appheation  aeoaptad  on  or  attar  1  January  1308 
and  bateo  17  Nooawbar  1080,  ftiid  (3)  far  propbUor^vaa  aaro^anaa  avar  3000  kg  with  prototypa 
alrworthlWNa  applleatlon  aeoaptad  on  or  attar  17  Novowhar  1308. 

Chaptar  3  alao  oavara  dartvod  vaniona  of  aubaonic  |ot-aoraplanoa.  A  'dortvad  voralon',  In  tCAO'a 
daflnltlon,  la  an  alroraft,  which  troai  tha  point  of  alrworthtnoaa  la  almllar  to  tha  prototypa,  but 
IncorporatOa  changaa  In  typo  daalgn  which  nay  affaet  tta  notaa  eharacUrlattea.  Ouch  changaa  could 
pertain  to  an  Ineraaaad  taka-off  weight  or  engine  thruat.  or  to  aMdlflcationa  of  the  power-plant.  If 
only  minor  changaa  arc  made,  it  la  often  poaalblo  to  dartvo  tha  oortlflcatlon  lovala  from  theaa  of 
tha  original  aircraft  althor  analytically  or  by  amana  of  a  loaa  axtenalvo,  aupplaowntal,  flight  teat 
program.  If  changaa  arc  algnlflcant  from  a  nolaa  point  of  view,  than  tha  antlro  nolaa  certification 
proeadura  would  have  to  bo  oMcutad. 

A  dlaeuaalon  on  utlllalng  "datum  aircraft"  nolaa  data  to  axtrapolato  towarda  nolaa  certification 
lavola  of  derlvod  aircraft,  ualng  "nolaa/powor/dtatanca"-charta  appaara  In  Sactlon  4.8  of  thla 
AGAROograph. 


8.4.0  Rafcraaoa  Nolaa  Manaurimaat  Polnta  and  Wight  Rrooadaaaa 

Tha  aircraft  to  bo  nolaa-taatad  mutt  perform  a  number  of  regular  taha-aife  and  landing  appiaaohaa. 
Par  tha  taka-offa  nolaa  muat  be  meaaurad  directly  below  the  night  path  and  along  a  aldellne,  for 
landing  approadiaa  only  below  tha  night-path.  Ptaa.  8.8a  and  a.8b  apectfy  the  reference  nolaa 
maaauraoient  polnU  (l.e.  the  polnta  where.  Ideally,  the  maaaurtng  mlcrophonea  ahould  be  pealttoned) 
and  tl-  refaranca  night  patha  to  bo  followed.  During  night  teau  It  will  not  uaually  be  poaalblo  to 
ny  exactly  by  tha  "reference"  trajectory  and  tha  environmental  condltlona  will  not  exactly  be  thoae 
apeclflod  In  the  certification  requtraaMnta.  It  may  alao  be  Impooalbla  to  poattlon  the  mlcrophonea  at 
th-  tact  refarenoe  poalttona.  Thua,  one  muat  dlatlngulah  between  »referenca"-condlttona  and  "mea- 

:,u  «ul".<ondlttaaa.  In  fact,  aubatantlal  effort  la  required  in  nolaa  certification  to  correct  or  ad- 

ita  from  maaaurament  to  rofbranoe,  aa  will  be  dlaeuaaad  In  the  appropriate  aoctlona  of  thla 
Ati-  '-qraph. 

(a)  Take-off 

A  Jat_a»  plane  muat  employ  average*  take-off  thruat  until  a  cartaln  minimum  height  above  the  run- 
tray  It  t.«chod.  Thle  apeclflod  height  depanda  on  tha  number  of  englnea  (8  englnea  -  300  m,  3  an- 
glnac  S80  m,  4  or  more  englnea  -  810  m).  Theraaftor,  thruat  may  ba  raducad  to  a  value  which 
will  a...  .ir  allow  to  maintain  at  leaat  a  4%-cllmb-gradlant  or  to  maintain  level  flight  with  one 
engine  out.  The  greater  of  thaee  two  thruat-aettlnga  muat  be  uaad.  Since  in  the  aecond  eaaa  all 
englnea  will  be  operating  during  the  flight  teat,  tha  aircraft  will  then  atlll  climb.  Theaa  requlro- 
matita  proelaaly  daflna  tha  taheatf  ailbranua  flight  path.  During  thla  take-«ff  teat.  Jat  aereplanaa 
muat  maintain  a  fllght-apaad  batwean  V,  v  13  km/h  and  V,  a  37  km/h,  where  V.  la  the  "aafe  take¬ 
off  apaad". 

In  tha  eertltlcatlon  roqulrmaonU  for  prooeller-drlven  aaronlanea  tha  taha-ell  lelkaeman  ntgnt  path 
la  dallnad  dw  appflcatlaa  of  take-nff  power  (rather  than  thruat)  until  tha  engine-number-related 


*  the  term  "average"  refera  to  the  moan  charactarlatlce  of  the  production  engine 
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ntchl  (Might  ta  raaahad  and  tha  auhaa<)«Mnt  raduetlon  In  angina  powar  haa  accurrad  for  tha  aaiM 
dlnb-gradiant  and  laval-flight  apaeltieatiOMa,  raapaetlvaly,  aa  far  Jat  aaraplanaa.  In  tha  eaaa  af 
pragallar-drtaan  aaraplanaa  aaly  Um  nlntnun  ellmb  apaad  at  '*'  !•  Im/h  ta  apaelflad. 

Bath  typaa  at  alrorafi  naat  natntain  a  canatant  talia-att  eanflgtiratlan  <ta  aaaanaa  a  canatant  flap> 
aalllng)  daring  Um  anttra  taat-fllght.  T)M  landing  gaara  BMy  ba  raUraetad  aa  aaan  aa  practical 
attar  actual  takaMft.  At  laaat  ana  at  tiM  taat  fltghta  nuat  ba  aandaatad  with  naalnuai  taba-aff 
aMaa»  whlla  athar  (Ughta  iMy  ba  conducted  with  laaa  naaa,  dapanding  aa  tha  continuing  daplatlon 
ot  tha  Inal  tanka,  batglit  In  thta  oantaat  ta  not  conaldorad  a  vary  nelaa-ralaannt  paranwtar. 


Ml 


(b) 


Fo«nr  Cut  Bock 
at  Spgcif  M  AWtudt  H 
obfiw*  Ground 


Brako  RriooM 


otro- 

ptonos 


Fig.  a.S  Rafartnea  notM  Maiuramant  points  and  roferanea  flight  procedure  for  heavy 
propeller-driven  aeroplanes  and  subsonic  Jet-aircraft: 

(a)  Approach  noise  measuresMnt  point  and  take-off  measurement  point  (flyover/lateral) 

(b)  Powar  cut-back  option  during  take-off 


H 


HgH*m«  ■niiiriwu"»»tiiU"  M«  MliMdi  om  SMh 

s^*T _ ^  ^  pal**  u  loealad  mi  Uw  •atwidad  run- 

jaUk  way  otnMrUaa  MM  ■  IM*  braka-ralaaM. 

Tha  otbar  point,  tlio  laMral,  or  olM  lit 

od  on  a  lino  parallol  to  and  4M  lo  to  tho 
loft  or  riphi  *>M  of  tho  runwajr-oantorltno. 
'''"■.s.  Sinco  tho  tongltudlnol  poaltlen  of  thio  point 

.-■■fTk-V.  ^  to  not  known  prior  to  tha  toot  a  lufflctantly 

^Moolon  ootondod  and  approprlatoly  tpaeod  array  of 

Rolalian  PakM  ^  *"0  *  m-****  ^  nierophonoo  muat  bo  pooittonod  along  tho 

_  , — -— aldo-lino  to  onauro  that  tho  maainum  loval 

pi**  ta  caught.  To  provo  ayaunotry  of  tho  no’.aa- 

^  aignaturo  on  both  aldoa,  at  loaat  ona  addt- 

tional  microphono  nuat  bo  poaitionad  at  a 
corroaponding  location  on  tha  othor  alda. 
Obvloualy,  lataral  nolao-data  acqulaitlon 
-  ^  roqolroo  much  oqulpmant  and  aubaoquont 

I  dnta-procoaaing.  To  roduca  tho  offort,  an 

1  ;  '  MgHT  aquWalont  aiothod  haa  boon  workad  out  by 

^  n^**^*, ****?*.  ICAO,  propoaad  aa  an  altornatlva  toat  pro- 

j  ccduro  (If  Individually  approved  by  the 

I  .  I  I-  .fc  certificating  authoritlea  under  tha  pre- 

Halghl  Mom  mlaNnhaaa  vailing  teat  conditlona).  Thia  method  baai- 

cally  roqutrea  only  two  laterally  poaitionad 

...  mlcroDhonea.  aa  tlluatrated  in  Fii.  2.8.  Re- 

Flg.  2.8  Equivalent  procedure  to  determine  aide-  .  „ 

Una  notao  tavoU  with  two  microphonaa  peated  take-off  fllghta  with  different  rota- 

only  (rather  than  with  a  lateral  array  uoo  pointa  will  bring  the  aircraft  at  dlf- 

of  aoveral  microphonaa)  ..... 

forent  hoighta  above  the  connecting  line 

between  tha  microphonaa.  Bach  time,  tho  ra¬ 
diation  angle  from  the  aircraft  to  tho  microphonaa  will  bo  different,  reaultlng  in  dlfferont  - 

height-dependent  •  nolle  lovela  at  the  microphonaa.  By  taking  the  average  level  between  the  two 
microphonaa,  a  maaimum  "aide  lino  nolae  level"  can  than  be  derived.  The  maaimum  aide  line  noiae 
level  muat  bo  determined  for  tho  aircraft  taking  off  with  maaimum  thruat  or  power,  maintaining  thia 
maximum  angina  aetting  for  the  entire  aide-line  noiae  teat.  No  power  cut-back  ta  permitted. 


Equivalent  procedure  to  determine  aide- 
lino  noiae  levola  with  two  microphonaa 
only  (rather  than  with  a  lateral  array 
of  aoveral  microphonea) 


An  aeroplane  with  good  peKormance  ellmba  factor  than  one  with  poor  perfonaance  and  will  thua  be 
farther  from  the  lateral  and  tho  flyover  reference  pointa  by  the  ttaw  the  maximum  flyby  or  flyover 
noiae  lovela  are  recorded.  Greater  diatanco,  generally,  awana  more  attenuation  and,  hence,  perfor¬ 
mance  entera  directly  into  the  meoaured  nolae-levol. 

For  tho  take-off  toot,  tho  oaroplano  aniat  not  nooeaaarily  conduct  an  actual  take  off  from  aoow 
brako-roleaao  point.  Employing  again  an  "oquivalont  procedure"  the  aeroplane  can  rather  intorcapt 
tha  take-off  rofaronca  flight  path  at  a  point,  where  tha  radiatad  noiae  la  well  below  the  relevant 
maximum  nolaa  lavel  (how  much  below,  will  bo  diocueaod  later  in  tho  oactlon  on  tho  notao  evalua¬ 
tion  moaauroa).  Thia  "oquivalont  procedure"  ia  illuotrotod  in 

(b)  Approadi 


For  the  approadt  noiae  toot,  tho  aircraft  -  in  ita  landtag  coaftguratien  (flapo  and  landing  gear 
down)  -  followa  a  S-degroe  glide  path  until  touch  down.  Tho  aggowaoh  lofbramea  aMaa  maaamnMont 
point  la  located  2000  m  boforo  tho  thraohold.  Aa  the  glide  path  antoaaa  la  paoitieaed  200  m  tnalde 
the  thraohold  along  tho  runway  thia  in  affect  corraoponda  to  a  height  of  110  m  for  a  3-degree 
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Mnt  in  Hm  Mora  wMcih  Moranoo-climb-polh 
(*TMo->olt*)  or  Woloionoo- o^roocH -M*»  l*Ui>*lnt*) 
MHOt  bo  MoroopM 

MM  bt  Tlmo  ottor  wMcb  WoMronco-tlUM  -  poMw 
moir  bo  loft 


Fic.  S.T  Equlvnlont  pracodura  for  oppronch  InUrcopt 
and  loko-ofr  intoreopt  to  avoid  actual  touch¬ 
down  or  atart  front  brako-raloaaa  point 


dnaaoM  poUi.  Tklo  puli  la  doolpuiod  tho 
ippm^  nlbwM  nighi  pM.  Tho 
approoah  apood  nniu  not  bo  Iom  than  1.3 
V,  *  It  kai/h,  wharo  la  iht  atalling 
apaodt  and  at  laaai  ana  toot  flight  •  out 
of  tho  MlnlnnMn  ropwlrad  nuabar  -  aiuat  bo 
eonductad  with  tho  awatiow  landlno 
JttSa- 

employing  again  an  attulvalant  procadura, 
tho  taat  can  bo  eonductad  without  an 
actual  touch-down.  In  thia  eaao,  tho 
aareplana  Intareapts  the  approach  rafa- 
ranoa  flight  path  at  a  pointi  whom  tha 
nolaa  la  wall  balow  tha  maalmum  and  fol- 
lowa  that  path  bayond  tha  rofarnnea  noiao 
amaauroatant  point  until  tho  rmdlatad  noiao 
haa  dreppod  auffleiantly  bolow  tha  maxi¬ 
mum;  now,  tha  aircraft  may  laava  tha 
rafaronca  flight  path  to  turn  around  for 
anothar  approach  flight  taat  (aaa  Fig. 
8.T). 

Aa  tha  taat  ragulatlona  apacify  tha 
approach  flight  taat  to  bo  eonductad  for 
tha  "moat  critical"  (i.a.  nolaiast!)  con¬ 
dition,  a  number  of  pra-chack  fllghta  aro 
nacaaaary  with  dlffarant  flap-aattlng  (at 
tha  apaclflad  or  atablUaad  air  apaad)  to 
datamlna  that  particular  moat  critical 
configuration.  Only  after  that  configura¬ 
tion  haa  boon  aatabliahad,  tha  raquirod 
minimum  number  of  teat  fllghta  nacaaaary 
to  obtain  tha  average  noiaa  level  (aaa 
Section  2.4. T.d)  can  be  oxacutad. 


S<d<S  Moo  IvlmnUon  Manouro  amd  Kaioo  Ltmlto 


Tha  noiao  evaluation  amoaura  for  both  heavy  propollar-drtvon  aaroplanaa  and  aubaonlc  jet  aero- 
planaa  la  tha  'Sffaetlvo  Parcaivad  Noiaa  Laval  (EPNL)'.  Tha  maximum  parmlaalbla  EPNL-valuaa  at  tha 
three  rofaranoa  noiao  maaauramant  pointa,  whan  obtained  In  accordance  with  the  rafaronca  flight 
procadurea,  are  ahown  in  Fla.  S.Sa  for  heavy  propallor-drlvan  aaroplanaa  according  to  (tha  out¬ 
dated)  Chapter  S,  and  in  Fla.  8.3b  for  aubaonic  )at  aaroplanaa  and  heavy  propel lar-dri van 
aaroplanaa  according  to  Chapter  3.  Tha  CPNL-limita  aro  related  to  tha  aircraft 'a  maximum  cartlfica- 
tad  taka-off  maaa  or  landing  maaa,  raapaetivaly .  Tho  Chapter  3  noiaa  limita  for  tha  flyover  taat 
differ  with  tha  number  of  anginea  of  tha  aircraft;  no  auch  diatinctlon  had  been  uaod  in  Chapter  5. 
Alao,  Chapter  S  noiaa  limita  woro  aomawhat  leaa  atringant  than  Chapter  3  limita. 

Nolaa-ttmita  aro  conatant  for  tha  lovfor  valuaa  of  aircraft  maaa.  Bayond  a  firat  "break-point"  tho 
noiaa  llmiu  vary  at  different  raua  with  tha  loaarithm  of  tha  maaa  up  to  a  aaeond  "break-point", 
bayond  which  tha  limita  ara  again  conatant  and  maaa-lndapandont.  For  convanlanea,  tha  noiaa  limita 
In  EPtfdB  and  the  two  break-points  ara  Hated  below  tn  TABLE  1  for  Chapter  8  aeroplanoa,  and  In 
TABLE  I  for  Chapter  3  aaroplanaa: 


EPNL 


w 


rig.  a.«<i 

BPNL-lt«il  M  function 
of  tho  MontOMoi  eortl- 
fteotod  ulto<^  moo 
for  "tMOvy"  propoUor 
driven  ooroplonoo  over 
8100  kg  toko-off  moo 
oftor  ANNEX  U.  Chop- 
tor  8 


rig.  I.lb  EPHL-ltodt  00  function  of  tho  oiootnua  cortlflcolod  toko-off  omoo  for  ouboente  Jot-olr- 
crott  ond  *<hoovy"  propollor  driven  ooroplonoo  over  9000  kg  toko  off  oiooo  oftor  ANNEX 
lEi  Choptor  3 
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rA*U  1  MtM  UmII*  lor  iMtrr  propiHw^Hwn  MroplaiiM  (aiHil  Um 

•ppIteablUtp  4aM  of  Chapt«r<4  for  ihooo  ooroplonoo) 


Piydvar  Nolo*  Umlti 
Apptoooh  Noloa  Umllt 
LoMral  Nolo*  Umlti 

M  tPNdB  up  to  M.ON  kgt 

M  tPHdB  up  to  84.008  kgi 

N  tPNdO  up  to  34.000  hgi 

100  IPNdR  abov*  300.000  kg 

100  RPNdR  abova  304.700  kg 

103  IMtdB  abov*  104.100  kg 

TANLI  I  Chapter^  nola*  limit*  for  heavy  propollor-drlvon  aoroplano*  and 
aubaonlc  Jat-alrcraft 

Plyovar  Nola*  Umlti 
-  1  or  8  angina* 

'  3  onglno* 

'  4  onglno* 

Approach  Nola*  Limit: 
Lateral  Not**  Limit  i 

88  BPNdB  up  to  M.lOO  kg; 

08  tPNdl  up  to  88,000  kg; 

88  KPNdR  up  to  10,800  kg; 

80  RPNdO  up  to  38.000  kg; 

84  EPNdO  up  to  38.000  kg; 

101  KPNdR  abov*  388.000  kg 

104  KPHdB  abov*  3U.000  kg 

108  KPHdB  abov*  388.000  kg 

108  KPHdB  abov*  880.000  kg 

103  KPHdB  abov*  400.000  kg 

t<0.4  PolifiBoo  KmlootbU  Tool  AOwoMliorto  Coit4IUoao 


Rotoroneo  oUaoophorlc  condition*  h*v*  boon  doflnod  ••  follow* 

o  a*o-l*v*l  *tiM«ph*rlc  pr***ur*  of  1013.18  hP*; 
o  oaibtont  *lr  t**tp*r*tur*  of  >8  *C  (l.o.  18A  *  10*C); 
e  roUtlv*  humidity  of  70  %; 
o  «oro  wind. 

(At  th*  dl*cr*tlon  of  th«  cortlflentlni  outhorltl**  •  18  *C  R*f*r*nc*  T*mp*r*tur*  m»y  b*  u**d. 
Howtvor  In  thl*  «•**  1  KPHdB  mu*t  bo  odd*d  to  th*  Hmaourod  flyover  nols*  l*v*l) 

^ch  condition*.  In  that  particular  combination,  ar*  unllhaly  to  occur  *lmult*n*ou*ly .  In  order  to 
onabl*  moaaurooNnta  outald*  th***  roforonc*  condition*,  cortaln  twt-wlndow*  h*v*  boon  doflnod  and 
proeoduro*  hav*  boon  dovolopod  to  corroet  nolo*  data  to  th*  roforonc*  atmeophorlc  condition*.  Th* 
followlnc  toot  window*  woro  oatabllahod; 

o  amblont  air  tamporatur*  (T)  alon(  tho  ontlr*  nolc*  propagation  path  muat  not  b*  bolow 
1  »C  or  abov*  88  K;  r 

o  ralatlv*  humidity  (RH)  along  th*  ontlr*  nola*  propagation  path  muat  net  bo  bolow  30  X 
or  abofv*  88  %: 

0  cartatn  cootblnatlon*  of  RH  and  T  that  would  roault  In  an  atmoophorlc  round  attonua- 
tton  In  aac***  of  II  dRAOO  m  in  th*  I'kHa-l/l^tavo-band  muat  b*  avoided*  (Flo.  8.9 
•ttow*  th*  pormlaalbl*  RHA-wlndow); 

o  th*  avorag*  wind  nwiat  not  *ae«*d  88  km/h  and  th*  croao-wlnd  component  (lolatlv*  to 
th*  night  dlreetion)  muat  not  oxeood  13  km/h. 

Th*  above  atmoophorlc  oendltlon*  ahould  provall  over  th*  whol*  nola*  path  batwoon  th*  aircraft  and 
10  m  abov*  ground.  Tbta  •poelftcatlon  «mpha*ti**  th*  n**d  to  acRulr*  tamporatur*  and  humidity 
protlla*  within  thta  hol^t  rang*  and  prafarably  beyond  to  aacortatn  th*  abaonc*  of  a  tomporaturo 
tnvw*t**  which  would  prohibit  nol**  cortlflvatlon  tooting.  Thor*  ar*  ovon  amr*  dotallod  apoel- 
ftcatlona  In  Appomdla  8  about  th*  atmoophorlc  nolo*  attonuotlon  ahould  th*  provalllng  atmeophorlc 


*  th*  aound  attonuattmi  oaofftolamt  U  a  ftinotiom  of  ftroauancy,  ralatlv*  humidity  and  tomporaturo. 
Ita  value,  oapiaaaad  In  lonaa  of  dl/100  m  1*  availabi*  from  Tablo*  13*.  Sbl  and  Apoondla  P 


II 


condlUM*  Mtli*  U  MOMMIY  lo  MleyUU  tiM  alMMirtlwi  In  "laycradl  altltud*  mgUmw".  WtMtlMr 
•ttch  •  "lay^ratf  ettletiUilM"  la  aetMally  raqtilrttf  dapaitda  on  tha  ehanfa  of  tha  aiianuatton 
coalTtelaM  in  Um  3.1  kNa  ihlrd-«eta«a  band:  If  Ihia  eaairielant  varlaa  by  aiora  than  0.3  dB  par  100 
m  anywham  alone  !>*•  noiaa  propaiallan  path  batwaan  alraraft  and  10  ai  abova  ground,  tha  layaring 
antat  bo  takon  Into  acorunti  thia  la  dona  by  adding  tha  affaetlaa  'attanuatlon  par  layar'  to  arriva 
at  tha  oompaatto  attanuatlon  lOr  tha  whata  nolaa  path. 

Tha  Mind  apood  data  -  nwaaurod  10  ai  abova  ground  •  aiuat  bo  avaragad  ovar  30  aacond  parloda*. 
during  thIa  parlod  ahort-duratlon  guata  of  up  to  tl  km/h  ara  panataalblo.  Purthonaora  -  and  atatod 
rathar  vagualy  -  no  "anonMloua"  uind  conditlona  ahould  oalat  that  could  algnlficantly  aftoot  tha 
rocordad  nolaa  laval  at  any  of  tha  mouauroownt  pointa. 


Fig.  S.l  Area  of  ponalttod  combination  of  Rolativo  Humidity  (RH)  and  air  Tomporaturo  (T)  for 
noiao  cortifteatton  taating  of  "hoavy"  propallar  driven  aoroplanoa  abova  3700  kg  taka*off 
maaa  and  aubaonic  Jot  aircraft  after  ANHCX  16.  Chapter  3 

3.4.1  Pllmht-Path  Tmcbinn 

Since  the  awoaurad  aeouatic  data  muat  be  corrected  to  refaroneo  conditlona,  prociao  information  on 
the  actual  flight  path  ia  alae  nocaaaary.  The  flight  path  will  in  all  likelihood  differ  from  the  refo- 
ranee  flight  path,  both  In  height  and  lateral  diaplaeement.  Thua  accurate  tracking  ia  required, 
preferably  by  aenw  aircraft-independent  amana,  auch  aa  radar-,  laaer-  or  other  photographic 
amthoda.  Tracking  mathoda  and  equipment  are  diacuaaad  in  Section  3.3.1  of  thia  AGARDograph.  To 
relate  the  noiae  algnature  to  tha  aeroplane  poaition,  preciae  tian  aynchroniaetion  between  the  air¬ 
craft  trajectory  and  tha  nolaa  amaauromanta  muat  alao  be  eatabliahad. 


I.4.S  AaamaMa  ttato  A— utaltlen 

The  microphenao  aniat  be  1.3  m  above  the  ground  aurface,  a  height  that  la  notorioua  for  inducing 
grave  maaauring  arrora  on  account  of  the  auporpooition  of  the  directly  incident  and  the  ground- 
refloctad  aceuatle  wave:  aaaociatad  probleam  ara  diacuaaad  In  detail  in  Section  4.3.3,  The  micro¬ 
phone  ahould  bo  of  the  proaaure  type.  Data  acquiaitton  inatruawntation  In  general,  and  microphone 
typaa  In  particular  are  dlacuaaod  In  aoctlon  3.3  of  thia  AQARDograph. 
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A  pr«Mur*-typ«  mlcrophona  (rather  than  a  fma-tlald  type  microphone)  offere  an  Important  advan¬ 
tage:  If  the  microphone  diaphragm  is  oriented  for  grating  sound  incidence  (l.e.  the  wave  fronts  of 
the  sound  approach  the  microphone  under  90  degrees  with  respect  to  the  microphone  axis),  a 

preesure-type  micro¬ 
phone's  aensitlvity 
is  independent  of 
the  sound  Immlssion 
angle.  Since  sound 
radiated  from  an 
aircraft  in  flyover 
continuously  changes 
its  aslmuthal  angle 
with  respect  to  the 
measuring  point  no 
pronounced  change 
in  directivity- 

response  for  the 
aircraft  approaching 
or  raceeding  should 
thus  occur.  The 
"graslng-lncidence" 
condition  is  some¬ 
what  difficult  to 
realize  for  the  late¬ 
ral  microphone(s), 
since  sound  inci¬ 
dence  direction 
changes  in 

yet  another  plane.  A  more  detailed  discussion  of  microphone  characteristics  appears  in 
Section  3.2.1. 

The  area  around  the  microphone  must  be  free  from  obstructions  within  a  cone  of  80°  from  the  verti¬ 
cal  to  avoid  reflections  from  nearby  surfaces.  The  microphones  must  meet  certain  specifications  as 
to  their  frequency  response  (which  must  lie  within  */-  1  dB  from  45  Ht  to  4.6  kHs);  also,  their 
sensitivity  should  change  no  more  than  2.6  dB  within  a  30°-varlatlon  from  the  grazing  incidence 
reference  direction,  again  for  the  same  frequency  range.  Use  of  a  wind-screen  ("wind-ball")  is 
recomiiiended.  Fig.  2.10  illustrates  some  of  these  requirements. 

High  standards  are  also  set  for  the  quality  of  the  data  recording  and  analysis  systems,  and  appro¬ 
priate  calibration  signals  must  be  recorded;  furthermore  both  the  acoustic  and  the  electronic  back¬ 
ground  noise  muet  be  determined  in  the  absence  of  test-object  noise.  A  detailed  discussion  of 
recording  and  analysis  equipment  specifications  and  their  use  appears  in  Chapter  3.2  of  this 
AGARDograph . 


1.2  m 


flO" 


Fig.  2.10  Boundary  conditions  (or  noise  certification  testing  of  heavy 
propeller-driven  aeroplanes  and  subsonic  Jet-aircraft; 
top:  microphone  height  above  ground  and  rafleetion-fraa 
vertical  cone;  bottom:  grating  incidence  diaphragm  condition 


1.4.7  Bata  Adluafent 

Acoustic  data  measured  under  conditions  that  differ  from  the  reference  ronditions  (e.g  in  regard  of 
the  flight  path,  the  aMteorological  environment,  the  aircraft  operational  parameters  or  the  noise 
measuresMnt :  points)  must  be  corrected  to  reference  conditions  to  permit  their  evaluation  against  the 
noise  llmita.  Throe  correction  terms.  Delta  1,  Delta  2,  and  Delta  3  must  be  determined  and  added  to 
the  EPHL-valuo  as  obtained  from  the  measureoMnts. 

Delta  1  accounts  for  (a)  the  atmospheric  attenuation  due  to  differences  from  the  rofbronee  tempera¬ 
ture  and  hraldlty,  (b)  the  atswsphorlc .  attenuation  duo  to  the  change  in  effective  slant  range,  and 
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(e)  th*  "invarM  iquar*"  dtittnoe  tttmuktton  du*  to  th*  ehkng*  in  •ffncttv*  aUnt  ranga.  Dtlta  2 
aecouttta  for  tha  duration  ("10-dB*down-ttma'')*  of  tha  neiaa  aa  affaotad  by  tha  dlatanca  and  apaad 
of  tha  aaroplana  ralattva  to  tha  iqaaauranMnt  point.  Dalta  S  ia  in  affaet  a  aourea  nolaa  eorraction, 
aeeoanting  Tor  tha  influanea  of  anviconmantal  paramatara  (auch  aa  tamperatura,  ambiant  praaaura)  on 
tha  nolaa  output  of  tha  aourea.  itaalf. 

Tha  baale  eenaidarationa  (or  aatabliahing  the  correction  tarma  Delta  1  to  !>«Ua  3  are  diacuaaad  in 
tha  following: 


If  tha  flight-path  dlffera  from  tha  rafarance  path,  tha  dlatanca  of  the  aircraft  to  tha  meaauring 
microphone  will  alao  differ  from  that  under  reference  condltlona.  A  change  in  acouatic  path  length 
affacta,  however,  both  the  amount  of  atmoapherlc  absorption  and  the  apherical  spreading  attenuation 
(Invarae  aquare  dlatanca  attenuation).  In  computing  the  EPNL  of  a  flyover  noise  event,  each  succes¬ 
sive  1/3-octave  band  spectrum  at  tha  0.5  second  time  incraments  should  individually  be  corrected 
for  those  attenuations,  in  correspondence  with  the  prevailing  -  perhaps  layered  -  atmospheric  con¬ 
ditions  (tamperatura  and  humidity)  and  the  distance  from  the  microphone  at  the  time,  before  conver¬ 
sion  of  the  measured  acoustic  data  into  a  PNL-value;  this  latter  requirement  emphasises  the  need  to 
synchronise  acoustic  and  flight  path  information. 

Which  distance,  than,  must  be  used  in  this  correction?  If  the  aircraft  would  be  flying  exactly  on 
the  reference  flight  path  there  would  be  one  particular  Instant  in  time  and  one  particular  aircraft 
position,  where  that  signal  was  emitted  which  on  the  ground  resulted  in  the  maximum  tone-corrected 
'Perceived  Noise  Level,  PNLTM'.  That  position  defines  >.  particular  distance  between  aeroplane  and 
measurement  point,  termed  the  "reference-distance".  If,  however,  the  actual  flight  path  differs  from 
the  reference  flight  path,  this  position  and  the  effective  distance  "aaroplane/measurement-polnt" 
are  different.  Hence  tha  actual  attenuations  (due  to  atmospheric  absorption  and  spherical  spread¬ 
ing)  must  be  converted  to  "reference  attanuationa”  to  correct  flight  data  to  raferanee  conditions. 


A  "simplified"  correction  method  has  been  developed,  which  is  baaed  on  the  following  reasoning: 
While  flying  on  the  steasuresient  flight  path,  the  "sound-ray"  that  caused  PNLTM  to  occur  at  the 
sNsauramant  point  has  a  certain  angle  with  respect  to  the  flight  path.  It  is  now  assumed  that  this 
angle  is  characteristic  for  the  occurrence  of  the  PNLTM  at  the  measurement  point,  even  if  the  angle 
between  flight-path  and  ground-surface  waa  actually  different.  Thus,  as  Illustrated  in  Fig,  2,11 
the  difference  in  msasuremant-dlstanca  QK  and  reference-distance  can  bs  determined,  and  used 

in  the  subsequent  corrections.  Similar  considerations  apply  when  the  distance  to  the  lateral 
measurement  point  differs  from  the  reference  point. 


Actual 


Fig.  2.11  Oatarmlnatlon  of  rafarance  distance  'aeroplane/ 
nolaa-owasursmant-point'  from  measured  distance 
(for  source  to  ground  correction)  tor  cases 
I  ■  .  .-.’flaiavarl-'^aitdi- lappreaoh' 


From  the  several  dosans  of  1/3- 
octave-band  spectra  measured  at 
0.6-sacond  Increments  that  particu¬ 
lar  1/3-octava  band  spectrum  is 
selected  which  was  "responsible" 
tor  ganerstlng  PNLTM  on  the 
ground.  Each  of  its  individual  1/3- 
octave-band  levels  are  corrected 
for  atmospheric  attenuation  and  the 
entire  spectrum  for  the  "inverse 
square  distance  law''-attenuation 
(vdileh  is  frequency-independent). 
The  following  example  for  a  flyover 
measurement  point  Illustrates  the 
procedure: 


^'Th#  iarm'  and  ioiavaiibs  of  the'10-dB.^own-tlsM  Is  explained  in  Appendix  A  to  this  Agardograph. 
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tat  m  ••MiiiM  that  maasoramant  tamparatura  and  humidity,  raapactivaly,  had  baan  IS  *C  and  80  % 
<va.  tha  rafaranoa-oondltlont  of  28  *C  and  TO  %),  and  that,  furthamrara,  the  maaaurement  dlatanca 
QK  had  baan  600  m  (vs.  a  raferanca  dlatanca  of,  say,  Q|,K^  ■  640  m).  The  1/3-oetave-band  to  be 
eonaldared  was  6000  Hi.  From  appropriate  Tables  that  list  the  atmospheric  sound  attenunation-c  effi¬ 
cients  cc  in  dB/100  m  (see  APPENDIX  D  to  this  AGARDograph)  the  following  data  are  obtained. 

Measurement  Condition:  cc  (for  16*/80%)  ■  4.2  dB/100  m 

Reference  Condition:  K  gggg  (for  26*/70%)  -  2.0  dB/100  m 


Accordingly 

0.01  -  nc^f)  QK  -  7.8  dB  (atmospheric  attenuation  due  to  difference  In 

temperature  and  humidity) 

+  0.01  cc  (QK  -  •  1.7  dB  (atmospheric  attenuation  due  to  distance  change) 

+  20  log  (QK/Q^K^)  -  0.9  dB  (inverse  square  distance  attenuation) 

Thus,  the  total  correction  to  the  measured  level  in  the  5000  Hx  band  would  be  -i-lO.a  dB,  In  a 
similar  manner  all  tha  other  1/3-octave  band  levels  of  the  remainder  of  the  (one  only!)  spectrum  is 
corrected  and  converted  into  a  PNLT^f.  From  that,  the  correction  term  'Delta  1*  is  determined  as 

Delta  1  -  PNLT  .  -  PNLTM^... 

rax 


and  added  to  the  EPNL-value. 

Since  the  lO-dB-down-tima  is  both  a  function  of  distance  and  ground  velocity  (b  flight  velocity 
relative  to  the  ground)  an  adjustment  to  the  duration  correction  is  required,  when  reference  and 
measurement  distances  and/or  ground  velocities  differ.  This  correction.  Delta  2,  is  computed  as 
follows 

Delta  2  -  -  10  log  (QK/Qj,Kj.)  +  10  log  (V/V^.) 
and  also  added  to  the  measurrd  EPNL-value. 

The  third  correction  term  Delta  3  will  now  be  discussed  in  the  context  of  the  source  noise 
correction; 

(b)  Source-Noise  Correction  -  Jet  Engine  Noise  (Delta  3  term) 

While  the  previously  discussed  corrections  Delta  1  and  Delta  2  accounted  for  measurement-to-refe- 
rence  differences  in  distance  and  atmospheric  conditions,  i.e.  parameters  that  affect  the  noise  after 
it  has  left  the  aartBilana,  the  source  noise  at  the  aircraft  Itself  is  also  affected  by  environmental 
parameters.  Tha  thrust  of  a  jet-engine,  for  example,  is  Influenced  by  temperature  and  ambient 
pressure  and  also  by  air  speed.  Differences  between  the  thrust  st  the  measurement  conditions  and 
thoM  at  refarenee  conditions  must  therefore  be  aocountad  for. 

An  aircraft  propelled  by  a  turbo-jet  or  a  fan-jet  engine  is,  however,  by  no  means  a  point-source 
with  a  well  defined  directivity.  Rather  does  the  primary  source  on  a  subsonic  jet  aircraft,  i.e.  the 
angina  Itself  consists  of  at  least  2  individual  "subsources",  namely  the  fan  and  the  jet,  both  of 
which  differ  grossly  in  terms  of  their  acoustic  characteristics.  Fla.  2.12  shows  a  (rather  well- 
knovm)  rcprasantatlon  where  the  typical  directivity  of  a  modern  fan- jet  engine  specif ieally  that  of 
the  fan  and  that  of  the  Jet,  is  Illustrated.  Moreover,  the  fan  spectrum  usually  contains  harmonic 
aotiad  ebmpbasinta,  while  ^e  jet  speotnim  is  of  broadband  nature.  Tha  fan  maximum  is  directed  for- 
wai^diDwtiward  while  the  jet  maximum  ia  in  ttw  mar  directivity  are.  Hence  in  considering  a  fan-jet 
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•nclm  propallad  mtroratt  in  flyover  ono  •ho«ld  rooIlM  that  it  i»  rtoUy  a  fan  and  a  jot  that  fly 
ever  the  obaorvar.  Tharafora  thasa  two  ahould  ba  eohatdorod  on  an  individual  baaia  and  corractiona 
ba  applied  aeeerdlngly- 


and  Cora 


The  nolaa  affecting  para¬ 
meter  |i  could  thus  ba  pra- 
domlnantly  related  to  the 
fan  or  to  the  Jet.  As  it  is 
difficult  to  clearly  se¬ 
parata  one  from  the  other, 
one  could  argue  that  for  a 
high  bypass  ratio  engine 
(BPR  around  5)  it  is  the 
fan  whose  noise  dominates; 
one  should  thus  base  any 
corraetion-procadurs  on  the 
engine's  "noise  versus  fan- 
speed”  behavior. 


Fig.  2.12  Noise  directivity  of  source  components  for  a  turbo- 

fan/jet-englne  Alternatively,  for  a  low 

bypass  ratio  engine  (BPR 
around  1)  one  should  base 

the  correction  procedure  on  the  engine's  "noise  versus  thrust"-behavior.  Thrust  cannot  be  measured 
directly  in  flight;  one  can  however  infer  the  thrust  from  the  readily  measurable  quantities  'fan-/or 
compressor  rotational  speed',  'engine  pressure  ratio'  and  'temperature  rise'.  The  necessary  cor¬ 
rection  Delta  3  can  be  de¬ 
termined  from  flight  tests, 
where  the  dependence  of 
y  EPNL  on  thr  appropriate 

^  engine  parameter,  p,  is 

S  established,  as  schematl- 

X  cslly  illustrated  in  Fig. 

Q  ~  1 "  2.13.  Such  a  parameter  p 

I  could  bo  the  thrust,  for 

B  Delta  3  example.  During  a  flight 

Ul  I  test,  p  must  be  varied 

. *  about  the  operational  con- 

dltlons  applicable  to  take- 

2  l*Test  Mmtwanos  lateral  or  approach 

flight.  Delta  3  can  then  be 
determined  by  subtracting 

ENGINE  CONTNdL  PARAMETER  |t  the  EPNL-value  correspon- 

(C.Q.  thru#!  or  Ion  SpMd)  ding  to  the  parameter  p  at 

the  measurement  conditions 
from  the  EPNL-value  corre- 

Plg.  2.13  Schematic  of  noise/thrust  or  noise/fan-speed  spending  to  p  at  reference 

relationship  tor  source-noise  correction  of  n.if>  o  i. 

subsonic  jet-atreraft  condition.  Delta  3  is  added 

to  the  measured  EPNL-value. 


ENGINE  CONTROL  PARAMETER  |t 
(•.g.  thrust  or  ton  tptod) 


Pig.  2.13  Schematic  of  noise/thrust  or  noise/fan-speed 
relationship  tor  source-noise  correction  of 
subsonic  jet-aircraft 


slier  Noise  (Delta  3  term) 


A  ceitasponiilng  Delia  3  eorrs-tion  must  also  be  applied  for  propeller-driven  aeroplanes.  Propeller 
seures  nMaa  is  affaieiad  by  (1)  angina  power  and  (3)  blade  tip  Mach  number.  Unfortunately,  no  well 
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founded  thoorotlcel  or  roUabU  omplrical  Mthod  U  avaiUbU  tor  aueh  a  correction.  Ae  far  aa 
engine  power  P  la  concerned,  a  (K^  lof  P^.^^^^^^^)-eourca-nolee-adluetinent  la  employed,  with 
aaaumlng  valuea  between  10  and  17.  Manutactumr-lnfomatlon  on  tha  depondanca  of  engine  power  on 
temperature  and  atmoapherlc  preaeura  can  bb  uttllead  to  obtain  tha  relevant  factor  K^.  The  error  In 
chooalng  a  ellghtly  "wrong"  K-log-pciwar-ratlo  has,  however  and  fortunately,  little  affect  on  tha 
nolae  level ;  Tha  value  of  Delta  3^  ■  (K^  log  t*  added  to  the  meaaured  BPNL-valuo. 

Propollar-nolaa,  on  tha  other  hand,  vary  muoh  depanda  on  tha  blade  tip  Mach  number  (more  praclaa- 
ly  on  the  helical  blade  tip  Mach  number  'HTM',  which  alio  depend!  on  the  forward  flight  apeed). 
Since  Mach-number  la  a  function  .of  temperature,  even  relatively  Maall  dlfferencea  between  teat 
temperature  and  reference  temperature  are  likely  to  have  a  pronounced  effect  on  the  propeller  noise 
level,  aspaclally  If  the  HTM  la  high  (above  approximately  0.8). 

ANNEX  le/Appendlx  3  recommends  to  detenetne  the  clianga  in  source  noise  level  experimentally 
through  ad  hoc  flight-testing.  Additional  flight  tests  could  be  made  at  various  temperatures,  as 
they  occur  during  the  day,  and  extrapolated  towams  the  reference  (temperature)  conditions.  Alter¬ 
natively,  one  might  attempt  to  change  the  helical  k.ade  tip  Mach-number  by  altering  tha  propaller- 
RPM.  It  la,  however,  somewhat  questionable  whether  a  Mach-number  change  through  an  RPM-change 
has  tha  same  effect  on  noise  as  one  through  a  temperature  change.  Recent  wind-tunnel  testa  (which 
are  discussed  In  Section  4.6  of  this  AGARDograph),  however,  seem  to  land  support  such  an 
approach. 

It  should  be  raalisad.  however,  that  by  changing  the  propeller  rotational  speed  one  also  changes 
Ihe  fundamental  and  tha  harmonic  frequencies  of  the  propeller  noise  spectrum.  When  using  a  micro¬ 
phone  1.2  m  above  ground  any  one,  or  several  of  these  frequencies  may  fall  Into  a  cancellation 
dtp.  Thus,  such  testa  must  be  performed  with  a  ground  mlcrophonel 

It  must  further  be  kept  in  mind  that  tha  "ehaek-fllghts"  for  each  new  condition  will  have  to  be 
repeated  several  times  to  ensure  some  statistical  validity,  making  the  entire  procedure  very  time 
consuming.  The  term  to  be  added  to  the  measured  £PNL  now  Is  Delta  Sj  ■  Kj  log  In 

dB.  Kj  may  typically  take  valuea  of  ISO  dB  or  more.  The  final  Delta  3  term  for  propeller  source 
noise  correction  thus  contains  both  an  engine-power  and  an  HTM  related  term. 

(d)  Validity  of  Test  Results 

For  each  of  the  3  reference  measurement  points  the  arithmetic  average  EPNL-value  must  be  pro¬ 
duced,  baaed  on  at  least  6  valid  flights.  The  sample  also,  however,  must  in  any  ease  be  large 
enough  to  establish  a  confidence  liirit  not  to  exceed  */-  1.5  EPNdB  at  a  90%  confidence-level. 
Appendix  E  to  this  AGARDograph  outlines  the  relevant  procedure  and  the  statistical  background  in 
detail. 

(e)  Trade-offs 

Having  thus  determined  and  established  the  required  validity  of  the  final  EPNL-values  for  the  three 
reference  measurement  points,  these  values  are  then  assessed  sgainst  the  noise-limits.  If  one,  or  at 
most  two,  of  these  values  exceed  the  noise  limits,  then  certain  "trade-off-regulations  may  be 
applied  according  to  the  following  rules: 

o  tha  sum  of  the  excesses  shall  not  be  greater  than  3  EPNdB; 

o  tha  axceas  at  any  single  point  shall  not  be  greater  than  2  EPNdB; 

0  any  exceaseE  shall  be  offset  by  reductions  at  the  remaining  point (s) 

Fig.  2.14  Illustrates  possible  trade-off  cases. 
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a.B  Wo4««  CortlfleaUan  of  UaM  Proaollor  dtlia«  Airniilaaaa;  tatabltihad  Piooadiiia 
lAIWIKX  H;  Chaptar  B  aaJ  AaoaadU  8> 


a.B.l  AaBlleabUltar 

Until  CAEP/1  In  1986,  Chaptar  6  and  Appendix  3  of  ANNEX  16  wore  applicablo  to  propollar-drivon 
aaroplanoa  (except  epecial  purpoee  aircraft,  euch  ae  thoee  for  fire-fighting,  aerobatice  or  agri¬ 
cultural  applieatione)  with  a  maximum  certificated  take-off  masa  not  excaeding  S7(X>  kg.  If  the 
prototype  of  euch  an  aeroplane  had  been  noiee-cortificated  at  auch  a  masa,  than  a  derived  veraion 
with  a  maximum  take-off  mass  up  to  6600  kg  could  atlll  be  certificated  under  the  Chapter  6  apecifi- 
cationa. 

It  waa  however  recogniaod  that  there  wee  an  emerging  ccaunuter  category  of  turboprop  aeroplsnea 
with  take-off  maaaes  in  the  range  of  5700  kg  to  15000  kS.  for  which  the  Chapter  3  certification  pro- 
eeduree  are  more  complex  and  costly  than  noceasary.  It  waa  therefore  decided  to  recommend  an  ex¬ 
tension  in  the  applicability  of  Chapter  6/Appendix  3  to  aeroplone-masaea  of  up  to  9000  kg,  provided 
the  application  for  the  airworthiness  eertificste  was  accepted  before  17  November  1988  (for  a  later 
application  date  ANNEX  IB/Chaptor  10  appliee). 
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a.B.l  Kafaramoa  Waa  Maaaiiramamt  Polat  and  nimht  Prooadura 

For  certification  teat  flights,  the  aeroplane  must  execute  a  straight  level  flight  at  a  height  of 
300  m  ^lOmZ-aOm  above  the  aeouatic  measurement  station  (rafkvamca  maias  aNnauraanant  point),  with  a 
latorsl  diaplaoamaat  of  not  mora  than  10*  from  the  vertical  (corresponding  to  approximately  a  50  m 
lateral  dlaplaimawnt  at  the  300  m  height). 

Originally,  aircraft  engine-power  waa  to  bo  set  at  maximum  continuous  povmr  (MCP),  a  power  that 
is  however  not  normally  used  in  level  flight.  Therefore,  the  meat  recent  edition  of  ANNEX  16  epe- 
clfiaa  the  "hlgheat  povrer  in  the  normal  cporatlng  range",  alao  termed  ’’maximum  normal  operating 
power,  MNOP,  to  be  used.  It  was  argued  that  MCP  was  not  representative  for  low  level  circuit 
flights  (which  by  the  proponenta  of  this  new  regulation  were  oonsldorad  to  be  the  acoustically  amst 
disturbing)  and  would  only  be  used  for  take  off  and  than  reduced  to  about  75  %  after  cruise  alti¬ 
tude  had  been  reached.  On  the  engine  tachoamter,  MPC  oarTespends  to  the  '^nd  of  the  green  Una" 
which,  for  a  light  aircraft,  may  be  around  37(X)  RPM.  MNOP  then  necessarily  correaponda  to  a  lower 
RPM  with  accordingly  less  propeller-generated  noise. 


as 


Hnga  tlw  MtM  Itatto  (•••  MbMquMt  — Uw>)  wm  mi  •MMltuWMMly 
ehMg«  in  MttM'pBMr  Miling  In  nffMi  MMtMtf  tn  n  nlnutlM  «l  thn 
Chnptnr-aO  mIm  MitinenttM  tant  prooMlur*  th*  Imim  of  tho  ongino  | 
tooUng  It  of  no  contoqnonot. 


I  OMTo  otrlngont,  thu 
•o  Itmito.  In  tho  now 
ir  during  eorltflcntlon 


Tho  noloo 
ovor;  this 


ovoluotton  MMuno  U  tho  nmstaua  A-wol^tod  notoo  lovol  occurring  during  fly- 

lovol  con  bo  dotonolnod  -  rnthor  otnigly,  nnd  In  tho  field  -  lAno  vlaanlly  ronding  o 

procltlon  tound-lortl  actor 


oot  nt  "olow  rooponoo” 
(eonoopondlng  to  tho  In- 
otruaont’o  dotoctor  tlao- 
eonotnnt  of  1000  at).  Tho 
laportnneo  of  Inotrumont 
dotoctor  tlM  conotant  tn 
noloo  aoaaurooMnta  la  dla- 
cuoaad  tn  Saetlon  3.2.4. 
Since  other  acouatic  data, 
auch  at  background  noloo 
mutt  alto  bo  datonninod, 
data  are  normally  rocordod 
and  avaluatod  in  tho  labo¬ 
ratory  . 


on  IMO  2000 


Fig.  2. IS  ANNEX  16,  Chapter  6  noloo  limita  The  cortificatlng  authorl- 

tloo  may,  at  tholr  diocro- 
tion,  roquaot  tho  flyovor- 

noloo  to  be  avaluatod  In  toraa  of  BPNL.  Howovor,  BPNL-ltmtU  have  not  boon  dofinod  yot  and  only 
"A-lovol-llmtto"  are  oatabllahod  and  In  uoo,  at  thown  In  Pin.  2.18. For  cenvonionco,  tho  noise  limits 
In  *nd  tho  maaa-broak-pointa  art  proaontod  tn  TABLE  8  below. 


TABLE  3  Chapter  6  noloo  llmtta  for  light  propollor-drtvan  aoroplanas  (lovol  flyover  procoduro) 


Flyover  Noiae  Limit:  48  dB(A)  up  to  600  kg 


80  dB(A)  from  1800  kg  up  to  8700  kg  (9000  kg) 


It  should  be  aeqihaslaed  that  hero  tho  noiae  limit  valuta  vary  Itnoarlv  with  mass  between  600  kg 
and  1800  kg,  rather  than  logarithmically,  aa  wat  tho  case  with  heavy  propeller-drivan  aeroplanes 
In  tho  Chapter  3  preoodure.  A  logarithmic  variation  of  course  la  loss  stringent,  than  a  linear  one. 


Only  two  atmoophorlc  paromoters  are  apoclftod  to  determine  the  reference  flight  procoduro  (engine 
power  and  fllglit  apoad  related)  and  to  oorroct  the  n^aa-levol  data: 


0  aoa  leval  atssaaphartc  prasaure  of  1013.28  hPat 
0  ambient  air  temperature  88  •C  (1.  e.  ISA  *  10  *C). 


Tho  following  test>wlndews  (under  condttlona  of  no  praclpltatlon)  have  been  aotabliahad 


M 


o  wM  apMd  (Muurad  l.>  ■  »bov«  arowwd,  tnitacd  at  10  ■  Itr  ha«v»  aaraplanaal  autt 
not  akOMd  10  ka/h,  birt  it  in  anoMs  of  T  ka/h,  Uw  tllftit  diroatian  utall  ba  ao  ntlgnad 
tbnt  U  0«M  not  dOVUU  by  aara  than  10*  iMi  lha  alnd-dlroetlani 

o  nablMil  nlr  laopirnluft  T  aval  not  ba  balow  >  *C  and  not  nbova  SO  *Ci 

a  ralativa  huatdlty  RH  auat  not  ba  balaw  30  %  and  not  nbova  06  %. 


Again,  cortaln  coabt- 
nationo  of  T  and  RH 
ara  to  bo  avoidod,  os 
•hown  in  Fli.  3,16. 
As  for  hoavy  ssro- 
plansB,  conditions 
causing  sxcossivs 
stsMsphoric  stton- 
ustlon  St  high  fro- 
quancias  sro  not 
allowsd.  Furthormoro, 
no  tsmporaturo  invsr- 
sion  should  sxist, 
which  might  cause 
aound-roflsctiona  from 
shove  the  aircraft  to¬ 
wards  the  ground- 
based  microphone,  it 
is  oftsn  difficult  to 
determine  the  pre¬ 
sence  of  s  tempera¬ 
ture-  inversion,  un¬ 
less  such  information 
is  svsilsbis  from  a 
nearby  wssther-sts- 
tion.  Of  course,  the 
test  seropisns  itse’f, 
or  a  companion  .  j- 

plane  could  dlrsetiy  dstsrmine  an  sltitude/tamperaturo-profile,  to  snsure  that  scceptsble  test- 
conditions  prevail.  Usually,  such  an  effort  is  not  undertaken  in  the  noise  certification  of  light  pro¬ 
peller-  driven  aeroplanes. 


Fig.  3.16  Area  of  permlttsd  combinations  of  relative 

humidity  and  air  tsaperature  for  noise  certi¬ 
fication  tooting  of  ("light")  propeller- 
driven  ssropUnos  net  excoeding  STOO  kg 
take-off  mass  after  ANNEX  16.  Chapter  6 


t.S.S  Wstaral'inUsa  of  Aircraft  Bstght 

Only  the  height  (rather  than  an  entire  flight  path)  and  deviation  from  the  vertical  to  the  micro¬ 
phone  are  of  Interest  in  osrtlfieation  noise  tasting  of  light  aeroplanes.  They  must  be  determined  by 
an  alrorafl-indopendont  naans,  such  sis  a  ground  baaed  tracking-system  (thsodollta,  trisngulation 
or  radar).  Aircraft  valoclty  over  ground  does  not  enter  into  tho  noise  evaluation,  ss  on  EPNL-vsluo 
is  net  roquirod.  Thorsfore,  there  is  no  need  for  a  very  sophisticated  tracking  system;  in  fact,  pho¬ 
tographs  token  by  one  high  quality  coanra  (preferably  with  a  Pelaroid-flla-plate,  to  allow  instant 
evaluation  of  flight  validity^)  that  points  exactly  vertically  towards  the  aircraft  in  flyover  sufficas. 
This  way  it  is  possible  to  d-*  rtlno  "on-line"  (1)  fllght-holght,  (3)  lateral  displaesasnt,  and  (3) 
ynw-onglo,  with  ,  .uursr  -  as  practice  has  shown  -  is  sufficient  for  correction  purposes. 

Apart  from  t;.;;  i.;ohibltiVt'  ost  of  operation  and  set-up.  ktnetheodoltte  or  radar-tracking  would  not 
allow  on  an  the  spot  decision  whether  a  flight  was  valid  with  respect  to  a  helght/lsteral-deviatton. 
Reloroid  cssarn  show  provide,  however,  such  iaferaatlon  after  about  one  minute.  If  necoosory,  the 
pilot  con  than  lamsdlntely  be  asked  to  repeat  the  toot. 


a? 


■•••«  *■— m  If  Mmtmmm 


TIm  MtM  aMauHns  sutlan  my  coMlal  at  «m  Mocaphom  aaly,  paattlana4  dliaeUy  undar  tha  flitht 
path  aad  appraatmtaly  (t)*  l.t  ai  abava  prauittf,  acala  tn  an  araa  that  ahoald  ha  Hat  and  fraa. 
M«.  t«lT  tUttatrataa  thaaa  raaulraamita.  Tha  craatng-tnetdama  eandittan  ta  firaanaindad  aalltni  tar 
a  praaaara  typa  htwiphaaa  ta  avoid  dlraottonal  aanaltlvtty-changaa  dtirlnf  nyovar.  tlactroaia  and 

aadtlant  background 


SOOIII 


nolaa  amat  bo  ro> 
with  tha 
gain-aattlnga 
aa  uaad  tn  tha 
actual  naiaa  ma- 
auroamt,  and  tha 
maiaiuni  aircraft 
radtatad  naiaa 

ahould  ascaad  tha 
background  nolaa 
by  at  laaat  10  db. 
(It  will  ba  ahown 
In  Section  4.3.3  of 
this  AGAhDograph 
that  auch  a  atgnal- 
to-notaa  ratio  doai 
not  auffica  to  cor¬ 
rect  tor  advoraa 
graund-raflactton 
oftocts  induced  by 
the  microphone  po- 
aition  1.3  m  above 
ground. 


rig.  3. IT  Flight  corridor  teat  requiraowntt  for  noiao 

eartiflcattan  of  "light"  prcpaller  driven  aero- 
planaa  not  axceading  8TOO  kg  take-off  maaa 


S.S.T  haU  adimfent 

(a)  Corractlaii  for  Walae  Kaceivad  on  the  Ground 

It  outalda  tha  taat-haight  window.  ANNEX  16  requiraa  a  dlatanca  correction  baaed  eolely  on  the  in- 
varaa  aquara  law  tor  flight  helghta  differing  from  300  m.  Atmoapherle  attenuation  need  not  ba  con- 
alderod,  alneo  tha  apaetral  maximum  of  tha  nolaa  of  a  typical  light  propeller  eeroplana  Ilea  below 
1000  Ha,  where  ataaoapharic  attenuation  la  nagltgibla  for  the  relatively  amall  propagation  dlataneea 
involved, 

(b)  Sourca  Nolaa  Cerraetton 

Tha  affect  at  ambient  taaiparatwro  on  tha  (helical)  blada  tip  Mach-number  (HTM)  la  apacifically 
alnglad  out  for  aourca  corracttori.  Only  vary  aawll  doviationa  from  tha  raferance  Mach  number  are 
panatttad  without  carraetton;  allowabla  doviationa  have  boon  apocltled  aa 


*  Thla  axelamtton  mrk  ahauld  amphaalaa  tha  fact  that  tha  term  "approxlmtaly"  -  aa  apecltlad  in 
ANNEX  16/thaptar  I  -  ta  rather  badly  choaan.  Evan  minor  poaltlon-diangaa  of  tha  order  of  canti- 
matara  will  have  a  pranouncad  affect  an  tha  aMaaurad  algnal. 


» 

o  0.014  tor  h*lte«l  bUde  tip  Mach  nuiabara  M  and  balow  O.TOOi 

o  O.OOT  for  hollcal  bUda  tip  Mach  nuabart  abeva  0.700  up  to  and  including  0.000. 

o  0.000  for  halleal  bloda  tip  Mach  nuartiara  aboaa  0.000* 

Whan  tha  davtatlana  ara  largor,  a  corractlan  K  log  (M||AI.|.)  auat  ba  addad  to  tho  notaa  lavaU. 
uharo  M||  and  Mf.  mo  tha  rofaranea  and  tha  taat  halleal  blada  tip  Mach  nwabara.  raopactlvaly. 

Tha  vnlua  of  K  auat  ba  obtalnad  from  approvad  data  of  thn  taat  aaroplana  or  from  dadlcatad  flight 

Mats  whara  air  ipaad  and  propailar  rotational  apoad  ara  varlad  appropriataly.  Thia  lattar  approach 
la.  hoMovar,  awah  dtaputad.  alnoa  angina  nolaa  contrlbutlona.  which  hava  a  diffarant  rotatlonal- 
apaad  dapandanca  than  propailar  nolaa.  ara  net  correctly  accounted  for.  Kfforta  by  CABP  to  dovoldp 
a  aMTO  atralghtferward  toaiparatura  and/or  halleal  tip  Mach  nunbar  correction  ara  dlacuaaad  In 
Oaetlon  4.0. S  of  thta  AGAROograph.  Alao.  It  auat  ba  cautlonod  again  that  auch  ad  hoc  flight  taata 
nuat  ba  done  with  a  ground  board  nicrophona.  at  grave  arrora  nay  ratult  whan  tha  cuatonary 
"1.0-ai-nlcraphana"  la  uaad. 

In  tha  abaanca  of  flight  taat  data  a  value  K  •  ISO  thould  ba  uaad  If  M.|,  la  lata  than  Mg. 
Otbarwlaa,  no  correction  la  applied. 

(c)  Validity  of  Taat  Raaulta 

Aa  for  tha  heavy  aircraft  tha  validity  of  data  la  eatabliahod  If  tha  ronfldanea~llnlt  doaa  not  aacaod 
*t-  l.S  dO  at  a  OOK  confidanca  level.  For  the  light  propallor-drlvan  aaroplanat.  however,  a  mlnl- 
amn  of  4  (rather  than  6)  "valid"  taat-fllghta  aufflcat.  (Sea  alao  AGAROograph  Appendix  K). 

(d)  Parfamanca  Corractlon 

Since  only  atralght  loval  flightt  ara  apaciftad  In  tha  certification  procedure  (but  no  taka-offa.  into 
which  tha  parforoMnea  of  an  aircraft  would  entor  directly  1.  light  propel  lar-dr  I  van  aaroplana  nolaa 
cartlfieatlen  according  to  tha  ChapMr-S  procedure  ranulraa  a  parfomanca  corractlon  "frot  tha 
bocka". 

Tha  ANNEX  atataa  that  the  parfarmanca  correction  la  Intandod  to  reward  higher  parfomanca  aaro- 
planoa  for  their  ability  to  clinb  ataapar  angloa  and  thua  gain  altituda  faatar.  Implying  that  the 
greater  affective  diatanca  raaulta  in  laaa  nolaa. 

In  easanca.  tho  parfomanca  correction  takaa  into  account  how  much  more  ("Bonus")  or  less 
("Malua")  altituda  than  3(W  m  above  a  rafaranco  point  at  3500  m  after  braka-relaaso  the  aeroplane 
would  have  attained  based  on  tha  achiavabls  take-off  diatanca  and  climb  parfomanca.  Tho  proce¬ 
dure  is  shown  In  Fiaa  2.18a  and  b.  Tha  take-off  distance  counts  from  tha  braka-ralaasa  point  to 
tha  point  whoro  tha  aaroplana  has  clsarod  a  18  m  high  obstacle.  Tha  slope  (angle  with  tha  ground 
plana)  of  tha  climb  is  defined  by  tha  bast  rata-of-climb.  R/C.  and  tha  spaed  for  that  particular 
bast  rsta-of-cllmb.  Since  tha  rofaranea  altituda  of  300  m  la  In  the  denominator,  a  "Malua"  comas  out 
aa  a  poaitlva  value,  to  bo  addad  to  the  certification  level. 

A  typical  ease  lllustraMa  the  corractlon  procodura.  Assume  that  a  particular  aaroplana  has  tha 
following  parfomwnca  data,  as  speciflad  In  tha  operators  handbook. 

For  asampla: 

o  Boat  rau  of  cllarii  at  0  m:  3.a8  m/s 
o  Spaad  for  bast  rate  of  climb;  38.9  m/s 

o  Taka-off  diatanca  at  take-off  power  to  clear  18  m  high  obstacle:  548.6  m 
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Pif.  l.lt*  "NrfonMne*  eorrMtloii'*-phll«Mptor  for  propollor  drtvoit  oonpUnoo 

not  OBOoodloc  SfOO  kg  ttko-off  mm 


Flg>  I.Mb  Flight  poth  roUlod  goooMtry  for  "porforMitco  corroctton” 


Iho  holght  ohOTo  tho  roforonoo  point  would  thon  bo  Ml  «  (inotood  of  SW  «),  honeo  •  "Moluo”  of 
l.t  dl  OMOt  bo  addod  to  tho  (corroetod)  eorttfleatton  lovol. 


wrar  Um  pMt  yMra  in  ih*  •ppitutton  oT  ih«  ChapUr-VAppandU-S  nolM>««rtlfU 

eaUwi  pfwipdpn  tar  propaUar-drtvm  narapUnM  not  we— dint  tlOO  kg  had  raiaad  aarlowa  doubta  on 
tha  validity  af  tha  anaalng  oartifleatian  nataa  laval  aa  a  tnta  aMaaura  of  paapla'a  annoyanca.  Co«- 
wmltlaa  ataaa  la  aliparta  aaan  atra  irrltatad  by  tha  fraduant  taka*ana  and  Initial  cllataa  of  tha 
(light)  prapallar  alrarnft,  than  by  flyovara  at  aadlua  ar  high  altitudaa.  It  aiaaad  logical,  thoro- 
fora,  to  prapoat  a  nolaa  eartlfleation  achaaa  that  Ineludao  an  actual  tako-^  toat  procadura.  Tha 
taak  at  hand  waa  to  davolap  now  nolaa  oartifleatian  proeoduraa  withaut  adding  undua  coniplaiilty  to 
thoaa  proaantly  In  uao. 

A  taka*off  toat  for  tha  light  aircraft  would  provide  at  leant  two  dlatlnet  advantages:  Tha  teat  would 
batter  reflect  what  many  regard  as  tha  most  annoying  part  of  tha  flight  (tha  Initial  climb)  and  It 
would  Inharantly  account  for  tha  aircraft's  parformanca,  aa  a  “poor  climber"  would  paas  over  tha 
mierephono  at  a  lower  height  and  thus  causa  higher  nolaa  lavala,  and  vice  versa. 

(hiaatlons  to  bo  addrasasd  ware  tha  angina  power  to  bo  amployad  (whathar  a  one  or  a  two-aagawnt 
take-off  should  to  bo  selected),  tha  noise  nmaaura  (whathar  again  tha  maximum  A-watghtad  laval  was 
to  bo  used,  or  parhapa  a  ttmo  duration  corractad  A-laval,  such  aa  tha  “Sound  Kxposuro  Level, 
Lp^£“,  or  oven  a  time  duration  and  tone  corractad  level,  such  aa  the  “Bffactlva  Porcalvad  Noise 
Laval,  gPNL").  Furthermore  tha  minimum  number  of  required  test  flights  was  to  be  datarmlnad  (four 
or  six,  for  axampla),  as  wall  as  tha  atmospheric  and  flight  operational  rofaronca  and  maasuramants 
conditions  and  tha  appropriate  correction  procedures  from  toat  to  reference. 

Many  field  ovaluation  taats  have  boon  conducted  In  tha  process  of  developing  tha  new  sehanm.  Aa  a 
result  of  those  atforta,  tha  following  new  neiao  cortificatlon  procadura  for  light  propeller-driven 
aeroplanes  has  bean  davelopad  by  CAKP  and  has  been  mads  a  Standard  in  the  ANNEX  16  as  a  now 
Chapter  10. 


t.t.I  ADmUeabllltv 

The  Standard  applies  to  all  propeller-driven  aeroplanes  and  their  derived  versions  (other  than 
aerobatic,  ftra-fighting  and  agricultural)  with  a  maximum  certificated  take-off  mass  not  exceeding 
9000  kg,  for  which  the  prototype  airworthiness  application  was  accepted  on  or  after  17  November 
198S. 


!.*•>  bstarmiina  Welaa  Maasuramant  Mmt  and  fllnlit  Protmduro 

The  toat  aircraft  -  at  maximum  take-off  mass  -  must  conduct  a  minimum  of  6  take-offs  with  take-off 
power  until  it  has  cleared  a  point  IS  m  above  tho  runwoy  (first  phase).  It  may  then  retract  the 
undercarriage  and  adjust  the  flap-settings  to  its  normal  climb  configuration  and  continue  its  flight 
with  maximum  oontinuoua  engine  power  (unless  alrworthinoas-relatod  limitations  apply)  to  achieve 
its  then  best  rate-of-climb  speed  «/-  9  km/h  (second  phase).  This  proesdure  defines  the 
rstarsnos  lUgtat  pnUi. 


Tho  cllxdt  configuration  and  speed  must  be  maintained  until  well  beyond  the  rofaronca  nolaa 
■Mawommt  point  whidi  Is  located  ISOO  m  from  the  brako-releaso  point  on  tha  runway  centsrllne. 
Dtlo  point  .must  bo  ovmrflowa  within  n  lataral  dswiaiion  of  no  moro  than  V-lO*  from  the  vortical 
and  srilbln  of  tho  reforonco  height  (Pin.  l.U).  This  aaamingly  largo  margin  In  tha  allowod 

dovinUonifrom  reforonco  height  roflocts  the  fact  that  height  deviations  eon  bo  easily  oorrectsd  on 
the  basis  of  the  Invorao  square  distance  law  for  on  L^^  max'**^**** 


St 


rif.  t.M  ANNEX  M.  CfcMfr  tO 

iMtM  OMtltlMUMi  proMdur* 


a.t.s  NN-  ■vAlurtlw  mum*  wmt  m»m  Lilte 

Atthewgh  originally  tho  tlow^uration  eorroctod  nelM  oMOOuro  LpAi  profarrod,  tiald  taau  hava 
aho<rn  that  tharo  oaiata  an  appraxlawtaly  llnaar  ralationahtp  batwaan  tha  nalaa  BMaauraa  ‘‘pAS  and 

‘•pA.alaw.baa*  •“"*» 
"alow"  In  tha  nalaa  aaa- 

aura  ralataa  to  tha  laaa- 
auring  inatruBMnt  datac- 
tor  tiBM  eanatant  at  1000 
aw.  Xlnaa  nalaa  liailta 
had  to  ba  nawly  aatab~ 
llahad.  anyway.  It  waa 
daaidad  to  ravart  to  tha 
alaiplar  to  datanalna 

^pA, alow, max  **  '*'* 

pMlnant  nalaa  avalu- 

ation  aMoaura. 


fflQximMm  CNTtificatNd  lal(N>off  mots 


rig.  t.M  ANNEX  16  Chaptar  10  nalaa  llmita 


Tha  propoaad  taka-aff 
maaa  dapandrnt  nalaa 
llmita  ara  ahown  In 
rui.  6.10  and  liatad 
again  In  TABlit  6.  tor 
cenvanlanca.  Net*  that 
tho  maaa-acala  la  loga- 
rlthaiicl 


table  6  Chaptar  10  Nalaa  Llmita  for  light  prapallar-drivan  aaroplanaa  (taka-off  procadura) 


Plyavar  Nolaa  Limit;  T6  dB(A)  up  to  600  kg;  66  dB(A)  from  1400  kg  up  to  9000  kg 


It  ahoiild  ba  amphaalaad  that  thaaa  (aaamingly  high)  lavala  corraopand  to  praaaura-daublad  lavala, 
aa  aMbauiad  dlraetly  an  an  aeouatically  hard  aurfaea,  rathar  than  l.S  m  abova  ground  (aaa  Sactlon 
1.6.6) 


lha  •UHaphario  aandtttona  aniat  ba  amaaurad  l.t  m  abavo  ground,  rathar  than  at  10  m,  aa  for  tha 
haavy  aaraplanna.  lha  rataronca  eonditlana  (towarda  which  aeouatle  data  ara  to  ba  eorroetad)  ara 
ipaeiWad  aa  tdllawa: 


o  IM  Imt  pNMMf*  lOM.M  hP« 

o  Air  Tw»|nri>Mf  It  *C  (I.*.  ISA) 

0  RrUtlv*  HualdUy  101 
o  t«ro  Wind 


Th*  diffdrwcM  with  Um  Chnpur  •  condltiont  nr*  ih*  rtfamnc*  itMpnrktum,  now  Ml  at  18  *C,  and 
tho  ■paeirieailofi  of  a  roforanea  rolattva  hualdtiy.  Thoro  aro  alao  omm  Minor  dlttoroncoo  In  tho 
allowablo  toat-windowa,  which  arc  apaclflad  aa 


o  No  praciplUtlan 

o  haporiad  wind  nel  abova  If  km/h  and  eroaa  wind  not  above  f  km/h  (30  aaeond  avorapa), 
moaaurad  l.t  m  abava  traond 

o  Rolattva  humidity  along  tha  aniiro  nolaa  propagation  path  not  htghor  than  fS%  and  not 
lower  than  Ml 

o  Amblant  tamparaturaa  not  above  38  *C  and  not  balow  t  *C 


ahowa  tha  tamporatura/ralatlve^umldlty  area.  Within  thia  araa  an  IUI/T*ragima  la  dotinad 
whara  no  ataoapharlc  abaorptlan  eorroetiona  aro  raquirad. 


I.«.S  rilaht  Path  Trmoklna 

Hia  flight  path  muat  bo 
monltorad  In  an  appropriate 
manner  to  allow  later  data 
correction  for  difteroncaa 
batwaan  tatt  and  rafaranc* 
flight  height.  Since  only  a 
maximum  A-waightod  level  la 
raquirad  for  cartlficatton, 
tracking  can  ba  dona  again 
by  maana  of  (polarold) 
eamaraa.  pocitionod  at  ap¬ 
propriate  dlatancee  ahead, 
under  and  aft  of  tha  rafe- 
ronca  nolle  maaauramant 
point.  for  "atraight-up"- 
•hota.  A  minimum  of  two  co- 
amraa  la  nacaaaary  (and  often  aufficlant)  to  intarpolata  to  tha  poaitlon  exactly  above  the  rafaranca 
nolaa  nmaaurement  point. 


Air  Ttniptratur*,  T 


Fig.  2.31  Area  of  parmitlad  combinationt  of  relative  humidity 
and  air  tamparatura  for  noiia  certification  iaating  of 
"light"  propallar-driven  aaroplanai  not  exceeding 
fOOO  kg  take-off  maaa  aflor  ANNCX  16,  Chapter  10 


S.6.6  Aeoaalle  Data  AaottlalUoa 

For  tha  firat  time  in  the  practice  of  noiaa  certification  a  change  from  tha  cuatomary  microphone 
poaitior  1.2  m  above  tha  ground  haa  bean  opacified  in  tha  Chaptar-10  procedure.  In  maaauring  pro¬ 
peller  noiaa  with  alevatad  microphonoa.  algnificant  aignal  diatortiona  are  obaarvad;  theta  raault 
from  tho  auparpoaition  of  tha  direct  aound  wave  and  tha  ground-reflected  wave  at  tha  microphone. 
The  two  wavaa  can  "erratically"  attenuate  or  amplify  the  original  acouatic  aignal.  Correaponding 
problaow  are  avoided  by  tha  uaa  of  a  microphone  vary  cloae  to  (or  even  fluah  with)  the  ground 
whara  ground-reflactiona  inherently  cannot  occur.  Accordingly ,  it  ia  apacifiad  that  tho  microphone 
OHiat  be  paaltionad  off-center  and  in  an  inverted  manner  with  ita  protective  grid  7  nua  above  a 
white  paintad  aaatal  circular  plau  of  60  cm  in  diamator.  There  ia  nothing  magic  with  tha  value  of 
7  mm  fop  the  microphone  diatanca  above  tha  plate.  Hare,  alight  daviatlona  of,  aay,  e/-  1  or  2  mm 
can  ba  tolerated,  aa  tha  main  affect  of  thia  arrangaawnt  ia  to  ahlft  tha  firat  canoaUatien  dip  to 
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fr««pMiiotM  wtll  abovt  th*  rang*, 
of  tnt*r**t.  This  it  achlavtd  for 
aw^ '  amall  dlnanc**  of  th*  order 
of  7  mm. 


A  photograph  of  aueh  an 
arrangement  la  ehown  in 
Fla,  a. 88.  Th*  nol**  limit* 
In  3.6.3  above  refer  to 
auch  a  mlcrophon*  arrangement. 


Fig.  2.32  Inverted  microphone  aivangement 


2.6.7  BaU  Adluatawnt 

(a)  Correction  for  Nolae  Received  on  the  Ground  (Delta  M  and  Delta  1  term*) 

When  outside  the  atmoapheric-absorption  are*  where  no  correction  la  required  (see  Fig.  2.21), 
differences  from  reference  atmospheric  absorption  can  be  accounted  for  by  adding  to  the  measured 
noise  level  a  term 


Delta  M  -  0.01  (H.,.  '  Ct  -  0.2  H^) 

where  H.j,  is  the  actual  height  and  is  the  reference  height  (in  meters)  of  the  teat  aircraft  above 
the  reference  nolae  measurement  point,  and  oc  is  the  rate  of  absorption  at  500  Hs,  as  listed  in 
the  appropriate  Tables  (see  Ref.  3  and  Appendix  D  of  this  AGARDograph). 

To  account  for  differences  in  the  height,  a  term 

Delta  1  -  30  log  (H.y/H^) 

is  added  to  the  measured  noise  level,  if  test  conditions  are  outside  the  no-correction  area  as  shown 
in  Fig.  3.21.  Otherwise,  the  correction  term  should  be 

Delta  1  >  22  log  (H.p/H^). 

Th*  change  in  the  value  of  the  factor  from  20  to  32  is  Introduced  to  somehow  compensate  for  an 
additional  absorption  effect  outside  th*  "no-correctlon-wlndow". 

(b)  Source  Nolae  Correction  (Delta  3  and  Delta  3  terms) 

Following  the  same  argumentation  as  put  forward  in  the  temperature  and  helical  tip  Mach  number 
correction,  respectively,  for  the  light  propeller  aircraft  certification  according  to  ANNEX  16/ 
Chapter  6,  only  amall  deviations  from  the  reference  Mach  number  are  permitted  without  correction. 
The  same  allowable  deviation*  have  been  specified  as 

o  0.014  for  helical  blade  tip  Mach  number*  at  and  below  0.700, 

o  0.007  for  helical  blade  tip  Mach  numbers  above  0.700  up  to  and  including  0.800, 

o  O.OOS  for  helical  blade  tip  Mach  numbers  above  0.800 
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WlMm  Um  dfvlMtoii*  ara  laigAr 


OfUa  S 


Tht  valua  of  Kj  must  ba  obtaliia4t^im||jMp| 
flight  taats  aa  daaartbad  in  Saction 


In  th#  abcnnen  of  flight  tost 
OthairwlMi  no  eorraetlan  la  applladi'’*"^'' 

n^: 

Tha  affact  of  amblant  praaaura  or  MMin^ 
anothar  tarn  to  the  maaaurad  nolaa 


K,  -  ISO  should  be  used  If  M.^  is  IsiS  thin 


on  engine  power  P  must  be  accounted  lp|,\h^v 


Delta  3  -  Kg  '1.;;  /'  ' 

Again,  the  value  of  Kg  shall  be  datbrinin^*  iron  approved  test  data  of  the  teat  aeroplane,  tii  the 
absence  of  such  date,  a  value  Kg  «  17  can  be  used. 


<c)  Validity  of  Teat  Results 


The  final  noise  certification  level  is  the  average  of  at  least  6  "valid"  flyover  noise  levels,  appro¬ 
priately  corrected  as  per  section  (a)  and  (b)  above.  The  statistical  90%  confidence  limit,  based  on 
these  six  (or  if  necessary,  more)  samples  must  again  not  exceed  */-  1.5  dB.  (See  also  AGARDograph 
Appendix  E). 


a.6.t  Pall-back  Provistoii 

For  a  few  years  after  the  introduction  of  this  new  'Chapter  10/ Appendix  6  Standard'  a  fall-back 
provision  is  foreseen  in  order  to  avoid  undue  hardship  on  aircraft  manufacturers  and  operators. 
Aeroplsnsa  which  fail  to  comply  with  the  Standards  of  Chapter  10  would  be  allowed  to  go  through 
a  noise  certification  test  according  to  Chapter  6/Appendix  3. 


2.7  Hotse  Certification  of  Helicopters  (AlWgX  16:  Chapter  8  and  Appendix  4) 

Serious  efforts  to  develop  'Standards  and  Recommended  Practices'  for  the  noise  certification  of  he¬ 
licopters  began  at  the  fifth  meeting  of  the  ICAO  Committee  of  Aircraft  Noisv  in  1976  (CAN/S).  Ini¬ 
tially,  in  an  attempt  to  encompass  the  entire  range  of  operational  manoeuvres  of  a  helicopter,  a 
very  elaborate  test-echeme  was  proposed,  where  four  flight  conditions  were  to  be  evaluated.  First, 
the  helicopter  was  to  hover  at  a  distance  of  200  m  from  an  array  of  microphones  at  several  heights 
above  the  ground  at  8  different  nose  directions.  Second,  landing-approaches  were  to  be  conducted 
at  flight  path  angles  of  3°,  6°,  and  9*.  Third,  horizontal  flyovers  at  2  heights  and  at  3  flight- 
speeds,  and  fourth,  simulated  take-offs  at  tite  best  rate-of-cllmb  speed  were  to  be  executed.  All 
flyovers  had  to  occur  above  a  laterally  extended  acoustic  measurement  array. 

Preliminary  testing  along  these  lines  showed  that  such  a  procedure  was  unnecessarily  complsx.  It 
was  found,  for  sxample,  that  in  hovarlng  the  heltoopter  had  to  be  conatantly  stabilised.  This 
caused  large  dispersions  in  the  noise-emission .  Also,  since  the  distance  in  the  approach  and  the 
take-off  flight  procedure  between  the  vehicle  and  the  microphone  was  comparatively  small,  slight 
deviations  from  a  reference  flight-path  oausad  large  variations  ip  the  noise-level. 


•  "■  J  1  ‘i ■  ,v 'V' 


In  th*  ttM^pan  b*tw««n  CAN/6  (1976)  »nd  CM/6  (1979)  »  eontelldattd  propotal  for  »  hilicoptor 
ii^M  M^iflcaficn  prd^uroi  for  ineluotm  into  Mo  ANNEX  16  ••  Choptor  9  ond  Appondlx  4  woo 
wwM  out  liind  hM  boon  mpdo  o  8tondi|M^  tn  1961.  Tho  now  Btondord  contnino  fowor  ond  looo  em- 
p¥«hdholvo  ni|)ht  p'roeoduroo  And  condittono;  notnblyi  tho  hovor-toot  woo  oliminatod.  Furthor  omond- 
nobiw 'woifA  miido  at  bAH/7  (lf63). 


liio  8tond)id7d  it  opplietblo  to  holleoptom'  (bOior  thon  tpoeiol  purpooo  typoo)  for  whioh  thO  airwor- 
thlnoaa  application  wac  acc^tod  on  or-  taftor  1  January  1986.  Thd'  cut-off  data  for  dortvativao 
(idiangoa  in  typo' dealfn)  hat  boon  aat  aa  'on  or  aftar  17  Novombor  1988'. 


Tho  halicoptor  to  bo  tested  must  conduct  a  sories  of  ta)cs-of(s,  level  flyovars,  and  landlng- 
approachee.  In  each  east,  the  craft  must  fly  over  tho  noiao  measuring  station  which  consists  of  a 
centrally  located  microphone  at  tho  flight  path  retaronce  point  (C  *  center  microphone)  and  two 
additional  microphones,  symmetrically  placed  ISO  m  to  the  loft  and  to  the  right  of  the  flight  track, 
as  shown  in  8.83  (L  *  left-hand  microphone,  R  o  right-hand  microphone  with  respect  to  the 
flight  direction). 


(a)  Take-off 

The  raforaneo  tako-eff  flight  path  (Fta.  a.28a)  is  dofined  by  a  straight  horisontal  line  at  a 

(flight)  height  of  30  m  above  ground  (connection  of  points  A  and  N)  and  a  subsequent  ascending, 

straight  Una  given  by  the  helicopters  best  rste-of-climb  (connection  of  N  and  F).  To  follow  this 
reference  take-off  flight  path  (with  a  kink  at  point  N  at  the  intersection  of  AN  and  NF)  the  pilot 

must  Initiate  climb  at  point  B,  i.a.  some  distance  before  reaching  N  in  order  to  intercept  the 

reference  climb  path.  Thus  the  location  Of  point  B  can  vary  and  must  be  determined  through  pretest 
flights. 


Point  K,  the  take  off  rafosenoe  notes  SMasuremsiit  polat,  is  the  location  of  the  center  noise  measure¬ 
ment  station  at  800  m  past  N.  Point  F  on  the  reference  profile  is  directly  above  point  M.  Noise 
measurements  start  when  the  halloopter  flies  over  point  T  and  ends-  when  the  helicopter  flies  over 
point  M.  The  time  span  TM  must  be  determined  such  that  it  begins  well  before,  and  ends  well  bey¬ 
ond,  respectively,  the  "10-dB-down-tlme"  of  the  noise  of  the  helicopter  in  flyover. 


To  execute  the  take-off  test  procedure,  the  helicopter  must  be  stabilised  in  level  flight  at  a  height 
of  80  m  and  at  the  bsst-rate-of-climb  speed  at  point  A  (see  Fig.  3.23a);  it  continues  in  level 
flight  to  a  point  B,  where  the  maximum  take-off  power  (corresponding  to  the  minimum  Installed  en¬ 
gine  specification  power*  or  gear-box  torque,  whichever  is  lowsr)  is  applied  and  a  steady  climb 
initiated.  Steady  climb  oondltlons  are  reached  at  point  N,  These  must  be  maintained  at  least 
throughout  (better  still  well  beyond)  the  “10-dB-down-tlme".  During  climb,  the  rotor  speed  is  stabi- 
11^  At  the  maximum  normal  operating  RPM  certificated  (or  take-off  (*  100%  RPM).  Also,  the  heli¬ 
copter  musi  be  in  its  maximum  certificated  take-off  mass. 

(b)  Level  Flyover 

Per  level  hyover  (j^lg.  8.a3b)  the  heljgepter  must  be  in  the  cruise  oonflguratlon  and  must  be  stabi- 
ftied  in  level  Itiighi  overhead  the  ftpoirer  rsfersoce  nelae  meeeurimsnt  petal  at  a  height  of  180  m. 

*  Ibe  tAtM  “Mthlaum  installed  engine  speoifleatlon  power"  defines  the  minimum  Averame  fleet  sped- 


M 


Fig.  2.33  Noll*  cartlttCAtton  tMt  procedur*  for  haUcoptora; 

ewfar  -  layal  flyovar 
boftiM  -  landing  approach 
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Tha  (light  spaad  muat 
ba  tha  laaiar  of  0.9 
(or  0.9  or  0.46 
+  UO  km/h  (or  + 

120  km/h),  whara  Vj^j 
ia  tha  "navar  axcaad 
apaad",  and  Vj^  U  da- 
fined  aa  tha  airapaed 
in  laval  flight  uaing 
tha  torque  at  minimum 
inatallad.  maximum  con- 
tinuoua  power  under 
1013.25  hPa  ambient 
praaaure  and  25  °C 
ambient  temperature. 
The  rotor-apeed  must 
correspond  to  the 
maximum  certificated 
normal  operating  RPM 
(a  100%  RPM)  for  level 
flight.  Again  the  heli¬ 
copter  mass  must  corre¬ 
spond  to  the  maximum 
certificated  take-off 
mass. 

(o)  Approach 

For  landing  approach 
(Fig.  2.23c)  the  heli¬ 
copter  shall  be  stabi¬ 
lized  in  its  landing 
configuration  (e.g. 

landing  gear  down  if 
applicable)  and  must 
follow  a  6°-approach 
path,  such  that  it 
overflies  the  approach 
referonce  noise  mea- 
suramant  point  at  a 
height  of  120  m.  Flight 
speed  must  be  the  best- 
rate-of-cllmb  speed 
and  rotor  speed  the 
maximum  certificated 
normal  operating  RPM 
for  approach  flight  (^ 
100%  RPM).  The  heli¬ 
copter  mass  must  corre¬ 
spond  to  the  maximum 
certificated  landing 
mass. 


3  T.  ' 
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3.7.S  !!<«>» 

InltUIlyi  th«  "maximum  A-IMlghtatt  nyavar  ikaita  «^a  cenaidarad  an  appropriate 

nolle  evaluation  maaaura,  iinea  the  holleaptar  fraouiMly  oparataa  In  atoaii  whava  eemmunity  noiaa 
la  alio  maanirad  in  dB(A).  However,  ainee  other  alrer aft,  aueh  aa  the  heavy  propollar-driven  aero¬ 
plane  and  lubaonlc  Jet-aircraft  are  noiae^rtiflcatad  in  term  of  BFNL,  hemegonelty  with  theae  waa 
eonaidorad  more  important  to  allow  a  direct  eompariaon,  and  the  EPNL  waa  lelected  aa  the  nolae 
awaluatton  dmaaurai -‘'i' . 

To  derive  ipppopriata  noiaa  IMiiti,  all  available  data  at  the  time  (prior  to  CAN/7)  on  current  helt- 
copteiia  waia  utUixad.  In  drawing  the  notae-limit  Une,  allowaneea  had  been  made  for  foreaeeable 
technical >:advaneea  and  awaiurement  uncertatntlea.  ria.  2,24  ahowa  the  nolae  llmlta  in  teima  of 
maba^ependeni ’  EPNL-valuaa  for  the  three  flight-^rocedurei  take-off,  flyover,  and  approach,  aa 
agread  att  CAN/d-  (Iggl)  and  aa  raviaed  and  preaently  in  force  aince  CAN/7  (1983). 

For  convenience,  the  maaa-dependent  nolae  llmita  in  EPNdB  for  the  three  teat  procedures  and  the 
respective  break -points  are  listed  in  TABLE  5  below  (note  that  a  logarithmic  mass-scale  is  used,  as 
with  the  subsonic  Jet  and  heavy  propeller-driven  aeroplanes): 


TABLE  S  Chapter  8  Noise  Limits  for  Halieoptera  after  CAN/7 


Take-off  Nolae  Limit: 
Overflight  Noiaa  Limit: 
Approach  Noise  Limit: 


89  EPNdB  up  to  788  kg; 
88  EPNdB  up  to  788  kg; 

90  EPNdB  up  to  788  kg; 


109  EPNdB  above  80.000  kg 
108  EPNdB  above  80.000  kg 

110  EPNdB  above  80.000  kg 


3.7.4  Haferenea  and  Pemlaalble  Teat  Operational  and  Atmospheric  Cendtttona 

The  following  reference  conditions  for  helicopter  noise  certification  testing  have  been  established 

0  sea-level  atmospheric  pressure  of  1013.25  hPa; 
o  ambient  air  temperature  of  25  *C  (i.e.  ISA  *  10*C); 
o  relative  humidity  of  70  %; 

0  sere  wind. 


Certification  noise  medsurements  may  however  be  conducted  within  the  same  atmospheric  windows  as 
applicable  to  subsonic  jet  aeroplanes  or  heavy  propeller-driven  aeroplane  testing,  i.e.  under  the 
following  conditions: 


0  no  precipitation 

0  ambient  air  temperature  (T)  measured  10  m  above  ground  must  not  be  below  2  ’"C  or 
above  38  'C; 

0  relative  humidity  (RH)  along  the  entire  noise  propagation  path  must  not  be  below  20  % 

Or  above  98 

0  certain  combinations  of  RH  and  T  that  would  result  in  an  atmospheric  sound  attenua¬ 
tion  in  OiKiesa  oF  "13  dB/lOO  m  in  the  8-kHx-l/3-ootave-band '  must  be  avoided  (see 
Fig.  3.9); 

0  the  average  wind  must  not  exceed  19  km/h  and  the  cross-wind  component  (relative  to 
the  flight  direction)  must  not  exceed  9  km/h.  If  a  head  or  tailwind  affects  the  over- 
giound  speed,  this  fact  must  be  accounted  for  in  the  BPNL-computatlon  process.  Spe¬ 
cifically,  if  in  the  level  flight  test  procsdure,  the  difference  between  airspeed  and 
ground  speed  exceeds  7  km/h,  then  flights  should  be  made  in  equal  numbers  with  and 
against  the  wind  direction. 


M 
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AIm  tor  iMoouroiMnti,  tho  following  moxlmuin  dovlotleno  troot  rotoronoo  oondiuono  oro  ponolttod 

0  dovlntion  from  tho  vortical  obovo  tho  roforonoo  track  o/.io* 
o  flight  a»ood  dovlatlon  froai  rofOronoo  ♦/-  •  km/h 
o  nMo  dovlatlon  tron  mforaaeo  -I0ft/+B% 
o  rotor  rotational  apaod  within  ■•■/-1%  of  lOOft  RPM 

Originally,  there  had  boon  a  "no^rroetlon  window”.  RoglmoB  of  eartain  atmoophorlo  and  operational 
paranotorc  had  boon  doflnad  whoro  -  it  prevailing  -  no  oubaaquont  data  eorroetlon  would  have  boon 
nocoaoary  ,  Howovor,  hollooptar  nolao  waa  found  to  bo  vary  aanaltlvo  to  avon  minor  dovlationa  oepo- 
olally  from  oporatlonal  roforonca  paraawtors  ouch  that  at  proaont  thoro  la  no  no-corroction  window, 
and  all  data  muot  bo  oerractod  towarda  roforonoo  oondltlona.  Ac  there  la  atlll  not  sufficient  in¬ 
formation  ayallablo  on  the  ottoot  of  various  operational  and  flight  paraamters  on  the  final  CPNL- 
valuo,  future  adjuatnenta  to  the  poneisalblo  test  window  (in  terms  of  a  narrowing  or  widening) 
cannot  bo  oxeludod. 


a.T.S  Pllaht  Path  Trerklna 


As  with  all  aircraft  that  are  nolae-evaluatad  on  the  basla  of  an  EPNL-value,  proclao  flight  path 
tracking  la  neceasary.  Thla  muat  be  dona  by  an  alrcraft-lndapendont  awana,  preferably  involving 
kinethaodoUtos,  radar-  or  laaer-oqulpoient.  Frequently,  a  method  la  recomamndad  where  at  least  3 

vertically  atounted  caawraa  on  the 
Intended  track,  approximately 
SOO  m  apart  are  used  In  conjunct¬ 
ion  with  radio  altlamtar  data  frpm 
on  -  board  ayatema.  The  photo¬ 
graphs  thus  taken  are  used  to 
establish  the  helicopter's  height 
and  Ita  lateral  off-sot. 


S.T.g  Aeouatlc  Data  Acoulaltlon 

Acoustic  date  must  be  acquired  by 
pressure-type  microphones  posi¬ 
tioned  1.2  Si  above  ground.  No 
changes  -  say  towards  employing 
ground-proximity  microphones 
are  presently  envisioned,  since 
the  helicopter  noise  spectra  are 
thought  to  be  less  vulnerable  to 
ground-refloctlon  effocta  than 
those  of  a  light  propeller  air¬ 
craft.  Similar  considerations  as 
advanced  In  Section  2.4.6  for  tho 
heavy  propolis  r-drlven  aeroplanes 
also  apply  to  the  other  aspocU  of 
tho  acoustic  meaouremont  proce¬ 
dures  for  hellooptors. 


Fig.  2.14  ANMIX  16  Chapter  8  noise  limits  per  CAN/6 
and  CAN/T  for  tost  procedurss  'take-off. 
'level  flyover'  and  'landing  approach' 
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kt  MatMl  klrMdyt  *11  d«M  ■*>»  b*  •dJi^aUdl  towanla  ratmnca  eondlttana,  involytng  *f«tn  a 
aourca  la  gfama  path  earraetloa  (Dalta  1  and  Dalu  a)  aad  a  aauNa  eorraetian  (Dalta  3). 

(a)  3aMroa-to-arem>d-path  Carraetlen  (Dalta  1  aad  Dalta  3  tacawl 

Tha  dlHbtanaa  W  atawaphartc  attanuatlan  aa  a  raault  af  dittaraaoaa  batwaan  rafaranea  aad  laat 
path,  aa  wall  aa  In  ataaapharle  ooadittaaa:  aiual  ba  aeoaunlad  (ar  in  tha  avaluatian  of  tha 
■aaaurad  data.  Tha  pracadwra  eonaapoada  to  tha  ana  dtacuaaad  In  Saetlan  3.4.7,  ralating  to  a  Dalta 
1  adjuataant  of  tha  nwaaurad  tPNL-valua.  Howavar  tha  total  allowad  adiuatiaant  (or  tha  Dalta  1  tana 
ahall  not  aacaad  4  CPNdB. 

Oavlatloni  in  tha  taat  flight  tpaad  and  haight  (roai  rafaranea  antar  tha  calculation  of  the  EPNL  by 
virtue  of  a  changa  in  affaetiva  ground  apaad  Mtd  tha  aaauing  change  in  Bound  axpoaura  duration 
which  raquiraa  a  Dalta  2  adjuatmant  of  tha  aiaaaurad  EPNL-valua,  again  corresponding  to  tha  one 
dtacuaaad  in  Section  2.4.7.  Howavai,  tha  total  allowad  adjuataiant  (or  tha  Dalta  2  tarn  shall  not 
axeaed  2  EPNdB. 

(bl  Souroa  Correction  (Dalta  S  tans) 

For  a  level  flight  condition  halieoptar  sourca  noiaa  la  distinctly  dataminad  by  tha  main  rotor 
advancing  blade  tip  Mach^numbar  and  thus  vary  aanaitiva  to  even  slight  changes  in  RPM  and  flight 
apaad.  Corroetiona  must  ba  aiada  on  tha  basts  of  a  "noiaa  sansttivtty  avaluatton".  A  noise  sensiti¬ 
vity  curve  rslataa  tha  Perceived  Noise  Laval  (PNL)  to  tha  advancing  blada  tip  Mach  number,  com¬ 
puted  from  true  air  spaed,  outside  temperature  and  rotor  apaad.  By  varying  on*  or  savaral  of  these 
prlaiordlal  paranmtars  and  measuring  tha  ensuing  PNL-valuas  during  flyover  one  can  derive  a  noise 
aansltivlty  curve  which  can  than  ba  used  for  tha  sourca  noise  adjustment  towards  reference  con¬ 
ditions  in  tanss  of  tha  required  Delta  3  term.  An  example  of  such  a  procedure  is  discussed  in 
Section  3.6.2,  an  appropriate  illustration  appears  later  in  this  AGARDograph  as  Pig.  3.S8. 

(e)  Taat  Result  Validity 

Each  tast-dight  produces  one  EPN-lavel  at  each  of  the  thraa  microphones.  ANNEX  16  requires  that 
these  3  EPNL-valuas  are  arithmetically  averaged  to  arrive  at  one  certification  EPN-lavel.  Also,  a 
minimum  of  6  valid  taat  flights  (for  each  procedure)  is  to  be  conducted  and  tha  ensuing  EPNL- 
valuas  must  be  further  averaged  to  determine  (in  a  statistical  sense)  the  mean  and  the  standard 
deviation  af  tha  mean,  to  establish  a  90%  confidence-limit  not  to  exceed  >/-  1.6  EPNdB.  (See  also 
AGARDograph  Appendix  E), 

(d)  Trade-offs 

Trade-offs  are  allowad,  if  noise  limits  at  one  or  two  measuring  points  are  exceeded.  However,  the 
sum  of  the  exceasaa  shall  not  be  greater  than  4  EPNdB,  any  Individual  excess  at  a  measurement 
point  ahall  not  bo  greater  than  3  EPNdB,  and  any  excess  shall  ba  offset  by  a  corresponding  reduc¬ 
tion  at  the  other  polnt(a).  It  will  be  noted  that  these  trade-off  allowances  are  more  lenient  than 
those  applicable  to  heavy  propeller  aeroplanes  and  subsonic  jet  aircraft. 


9.  CMTinC9TWII  rtWT 


tn  Um  pmvIms  Owptw  th*  nota*  eartlftealtan  twM  proMdam  ipacitM  In  th*  ICAO  AMNBX  M 
dneMwnt  hnv*  bnan  prMMtad  tn  dnUll.  In  thU  Chapter  th*  practical  axacution  of  nolM  corttfiea- 
tton  »—««">  and  analyate  will  b*  dteeiiaaad.  Aaoordia|iy.  thwo  will  bo  dtieuooions  on  th*  aeouattc 
and  non-aoouittc  ogutpoiont  n**d*d  oithor  tn  th*  fteld  for  data  acquiaitton  or  tn  th*  laboratory  for 
data  aaslyotei  «1m*«  will  b*  dtaewaolon*  p*rtatnln«  to  tho  toot  proparatlen,  to  th*  t**t  alt*  salac- 
ttOQ,  to  UTrifpiTrt  aot-tv  and  teal  oanduotano*.  Tho  Chapter  wilt  eonelud*  with  a  dtacuMton  of  data 
annlyaiai  apoomanlly  ter  dotenalning  tha  not**  aioamir**  'atexlnui*  A-w*lght*d  flyovar  note*  laval' 
and  'BftoetW*  r*r«olv*d  Nolao  Laval'.  Bxoallant  guldano*  notarial  toward*  conducting  flight  noia* 
Maouraatent*  haa  boon  conpilod  tn  |4|. 


9.1  Inlraditettan 

Th*  baalc  oqutpawnt  naodad  in  th*  flatd  for  not**  eortiftcatloo  taating  1*  ahown  in  a  block-diagram 
in  Fta.  9.1.  Th#  nolao  naaaiiring  ayaten  a*  auch  (rta.  3.2)  eonatata  of  a  data-acquialtlon  block,  a 
data-procoaatng  block  and  appropriate  calibration  inatrumantation.  Hare,  th*  data  aequtiition  block 
Includaa  mtcrophona*  with  proanplifiara,  aignal-conditionar*.  and  analog  or  digital  tapa-rocordora. 
Th*  data  proeaaalng  block  (if  uaad  in  th*  ftald)  could  contain  on-lln*  apactrum  analyaara  or  would, 
a*  a  mintnun,  conatat  of  a  aound-laval  natar  to  road  ovarall  unwalghted  or  A-waightad  noia* 
lavol*.  Noiao-monltorlng  aqutpannt  ahould  alao  ba  avatlabla,  auch  aa  oacilloacopaa  or  other  auitabl* 
r*ad-out  tnatruanntetion  (graphic  laval  racordar*  and/or  printer*).  Calibration  in  th*  field  would 

moat  likely  b*  re- 
atrtetad  to  aalactad 
fraquancy-aanaitivity 
check*  uaing  ptaton- 
phonaa.  An  overall 
frequency  raaponae 
calibration  (over  the 
antlr*  frequency 
rang*  of  intareat) 
would  normally  be 
don*  in  tha  labora¬ 
tory  uaing  alactro- 
atattc  actuator*  tn 
combination  with 
diaerate  or  broad¬ 
band  algnal  ganara- 
tora  prior  and/or 
after  the  actual 
teat. 

In  addition  to  the 
noia*  meaauring 
ayatam,  on*  or  awr* 
ground  baaad  ata- 

tion(a)  for  mataoimliCteal  date  angaialllia  (wind,  temporatura,  ambian*  air-praaaur*  and  humidity) 
ar*  naeaaaary.  If  auch  mataorologieal  Inforatetion  waa  naadad  over  th*  complete  aound  propagation 
path  batwoon  th*  aoouatic  maaaiiiamanl  atatlon  and  th*  aircraft,  waathar  balloon*,  aoundtng 
aqutpmant  (aodar).  th*  teat  aircraft  itealf  or  an  additional  monitoring  aircraft  ia  uaad. 

For  aircraft  liaJantWT  manllarltel  on*  or  aavaral  tracking  atatten(a)  ar*  required  uaing  optical 
ground-baaod  or  on-board  traeklng  ayatoma  or  radlo/radar  tracking  ayateaaa.  Th*  teat  aircraft  itealf 
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Baate  moaauramant  aqutpmant 
oartlflcation  taating 


naadad  tn  th*  field  for  noia* 


la  iHoally  a^tp^ad  with  lU  awn  on  haard  data  ae^alatttaa  ayataiM  la  ■aallar  eparatlaaal  aoadl* 
ttaaa.  aaeh  aa  pnpallar  or  ratar  ratatlaaal  apaada.  angtaa  pawar,  thmat,  larqua,  aMnlMd  praa- 
aura,  ata.,  aa  wall  aa  Indlaatod  air  apaad,  alraraft  altltuda  and  wind  vaatart  awtalda  laaiparatura, 
hualdltp  and  praaaura. 


reaaaanlBatlon  halwaan  Individual  awaauraawnt  itatlana,  a  naarby  airport  tawar  and  tha  fllpht  loot 
eraw  la  af  tha  uhaaat  haportanea  bath  In  tarwa  at  ami  eaMBunlaatlan  and  than  ayaohraalsatlm  af 
aaauatle  and  aparatlonal  data.  Tha  eantral-,  or  aMatar-.  BwaauraaMnt-atatlan  will  tharaforo  aanlaln 
approprlata  radio-  aanaiunleatlon  aqulpawnt,  whtla  all  toot  paraonnol  will  carry  individual  "walkla- 
talklaa". 


Mara  aophlatleatad  racordlng  and  analyttng  aqulpaMnt  will  ba  avallabla  In  the  laboratory,  notably 
ooMputar  proeaaalng  to  handle  tha  soaMtlaMa  vaat  aamunta  of  data. 

In  tha  fallawlnf,  Saotton  S.l  will  traat  aoouatle  taat  aqulpawnt,  Pictlon  9.3  othar  (non-acouatla)  teat 
aqulpaant,  l.a.  tmeklng-,  aMtaorolagleal,  thaa-ayachronlMtlon  and  on-board  InatrunMntatlon, 
Sactlon  3.4  erltarla  for  alta-aalactlan  and  taat  aatup.  and  Section  3.B  datalla  on  tha  oxocutlon  of  the 
taat.  Tha  final  Sactlon  3.6  will  diaeuaa  tha  analyala  and  corractlon  of  aoouatle  data. 


3.3  Acouatle  Taat 


Tha  antiro  aoouatle  data  aequlaltlon/raduetion  chain,  aa  ahown  in  Fig.  3.3,  will  now  ba  diacuaaad 
In  detail.  Photographa  of  aaaaa  typical  Individual  oompononta  of  acouatle  aqulpawnt  appear  at 
appropriate  plaeoa  in  tha  text. 


CoMiralion 


Data  AcquMMen  and  RtducMon 


Data  oeguiaWan 

Pale  reducMan 

- “1 

1 

Fig.  3.1  Block  diagram  of  nolaa  awaaurlng  ayataai  for  acouatle  calibration, 
data  aequlaltlon  and  reduction  (raproduead  from  |1|) 


(a)  Candanaar  Ml 


a  and  Charactariatlcs 


For  aircraft  nolaa  toatlng,  eondonaar-ailcraphonoa  are  racomawndad  alnco  they  offer  long  term  atabl- 
llty,  operational  reliability  and  robuatneaa.  There  are  buetcally  three  typaa  of  eondenaar  micro- 
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mterophoMt  em  b*  wwl  in  ■Mturing  aircraft  noiaat  wharaat  dl(IuN-ftatd  mlcrophonaa  ara  not  aui* 
tabla.  An  aataaatva  diaeuaalen  on  mtccephona  ciiaraetartatlca  appaart  in  |S|. 

Sinca  mlcrophonaa  ara  probably  tha  moat  important  link  within  any  acoustic  maasuraownt  chain, 
thair  ^laraetarlaUea  should  ba  wall  undaratood.  Thus,  tor  aaampla,  ona  must  claarly  dlattapulsh 
batwaan  tha  (llraqusnayHiapandant)  praaaura  sanaitlvlty' ot  a  mtcrophona  and  tha  (Ukowtaa  Iraquaney- 
dapandantl  praaaura-lncraaaa  on  tha  mtcrophona  diaphragm  dua  to  tha  physical  dlnwnslons  ot  tha 
mtcrophona. 

Tha  praaaura  raaponsa  of  a  mtcrophona  la  bast  datarmlnad  by  applying  a  dafinad  praaaura  fraquancy 
awoap  in  a  small  cavity  placod  atop  tha  microphona  diaphragm.  Claarly  no  directivity  aapacts 
antar,  as  thara  la  simply  a  praaaura  atop  tha  diaphragm  within  tha  cavity.  If  tha  praaaura.  ra> 
sponaa  of  a  microphona  must  ba  datarmlnad  "under  lass  favorable  conditions",  l.a.  in  a  freefleld 
onvlronmant  by  applying  a  plana  wavo  fraquancy  awaap,  thara  will  ba  an  atfaet  of  the  microphona 
body.  This  body  cauaaa  an  affactlvo  ehanga  (incraass  or  daoraaao)  of  tha  praaaura  on  tha  micro¬ 
phona  diaphragm.  Tha  value  ot  this  praaaura  ehanga  la  froquency-dapandant  but  dapands  also  on 
the  angle  of  sound  Incldaaeo.  This  is  llluatratad  In  Fig.  8.3  for  savaral  BAK  1/2-Inch  condanaar 
microphonaa  as  indicated. 


Fig,  3.3  Pressure  increase  on  microphone  diaphragm  as  function  of  frequency  for  different  sound 
incidence  angles 


To  obtain  the  freefleld  sound  pressure  (value  of  the  sound  pressure  as  if  the  microphona  was  not 
there)  as  resulting  from  a  sound  source  in  a  known  direction  one  has  to  add  the  'Delta  p'  values 
from  the  maaaurad  sound  praaaura.  For  example.  If  the  sound  wave  impinges  under  a  0  degree  angle 
of  Incidanca  4  dB  at  10  kHa  and  9  dB  at  20  kHs  must  ba  subtracted.  If  the  microphona  la  turned  by 
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aagto  af  iMldaiiM,  «m  would  hovo  to  oubtroet  0  dl  at  10  kHa  and  add  1  dl  at  10  kHa.  If 
tha  1 — -*  oanna  Am  tha  roar  t.o.  with  aa  tneldaaoa  aafla  of  lOO  diQraia  than  aM  aiuat  aubtraet 
0  dl  at  10  kHa  and  add  a  dl  at  00  kHa. 

Om  aiiht  aow  a»|raolata  why  tCkO  raaamanda  tho  wao  of  aueh  a  "proaouro  raaptaaa"  aUorophoM  to 
bo  adiuatod  lar  a  g^raalai  Inoldonoa  aagla  with  roapoet  lb  tho  laooadng  aound  waaot  fbr  auoh  a  00 
ligiii  aa^o  at  Inotdanoa  tho  praaaura  ehanga  dwa  to  tho  phyaloal  proaonea  of  tha  adeiaphoM  la 
fairly  aMll  (only  1  dl  too  high  at  10  kHa).  Aalnunt  aueh  a  aietophoM  tawarda  tha  aouroo  (l.a. 
undar  an  angla  at  ineldanea  of  0  dagmaa)  would  eauaa  aueh  highar  and  undoalrabla  proaauro  In- 
oroaaoo.  Of  eourao.  In  aanaurlng  tho  nolaa  from  atroraft  la  flyover  tha  doadnant  aound  Intonalty  la 
In  a  fraquaney  ranga  Much  balow  10  kHa  anyway,  and  tha  aMall  davlatlon  In  proaauro  raaponao  at 
and  above  10  kHa  la  of  little  oonaaquanea. 

Far  a  'Yrortlald  Mtorophanaa''  (aueh  aa  tha  UK  type  4130  l/l-lneh  oondanaer  MlcrophoM)  tha  fra- 
quaney  raapenaa  towarda  a  aeund  wave  laqtlnglng  undar  0  dagraaa  has  baan  adjusted  by  tha  amu- 
fncturor  aueh  that  there  tha  proaauro  Ineraaaa  Is  aloetronteally  eoavoMotsd  for;  hanoa  Ita  fraquaney 
rsiponaa  la  flat  'up  to  30  kHa.  Ot  ooursa,  aueh  a  mlcrophoM  would  have  to  be  oonttauoualy  polntad 
towards  tha  aound  aeurco,  an  Inconvaniant  undertaking  for  an  aircraft  in  flyover.  Hanoa,  again, 
tha  prasaura  rosponae  type  mleropheno  undar  a  graalng  Ineldanea  arrangoawnt  la  to  bo  prafsrradl 

Thus,  a  mlerephona  la  naoMd  aftu-  lu  fraquaney  roaoonaa  flatnaaa;  a  prasaura  aderephena  has  a 
flat  raaponsa  (or  praaaura  aaeltatlon  ("undar  a  little  cavity")  while  a  fraaflald  mlerephona  la  flat 
for  aound  ImplngaaMnt  at  0*  Ineldanea  up  to  ita  highest  usable  fraquaney. 

Another  luportant  aspect  in  salaetlng  mlcrophonoa  ralatos  to  tha  desired  fraquaney  range,  and 
dynaalc  raaponsa.  Condonsar  mlcrophonoa  are  offorad  In  dlffsront  diaaiatara,  aueh  as  1/10  Inch,  1/8 
ineh,  1/4  Inch,  1/3  Inch  and  1  Inch.  Tha  small  dlaawtar  mierophonaa  usually  have  a  fraquaney 
range  that  axtanda  to  vary  high  (raquonelas  (up  to  ISO  kHa),  l.a.  wall  Into  tha  ultrasonic  ranga. 
Thay  ara,  howavor,  much  laaa  aanaitlva  than  tha  larger  dlaamtar  mierophonaa  and  ganarata  highar 
Intamal  nolaa. 

For  flyover  nolaa  amasuramanta,  tha  audio>fraqusnoy  ranga  Is  of  primaary  Intaraat.  A  adcrophona's 
fraquaney  ranga  must  thsraforo  normally  not  axtand  much  above  10  or  13  kHa.  Thus,  tha  largsr  dia> 
mator  mierophonaa,  l.a.  1  Inch  and  1/3  inch  arc  mostly  uasd.  Tliaaa  aderophonas  havs  a  large 
dynamic  ranga,  typleally  from  10  dB  to  14S  dB  (ra  p^  «  3al0~*  N/m')  for  tha  1  Inek  miorephoM  and 
from  35  to  180  dB  for  tha  1/3  Inch  mlerephona.  Duo  to  Its  smaller  physical  slaa,  tha  l/3>lneh-dlBffi. 
oondanaer  microphone  Is  preferred  In  measuring  aircraft  nolaa. 

1/4-lneh  and  l/8-tneh-.dlam  mierophonaa  ara  amstly  employed  In  laboratory  or  wind  tunnel  awdal 
noise  studies,  where  the  frequency  ranga  of  interest  often  extends  Into  tha  ultraaonie  regime.  It  Is 
however  not  only  tha  actual  fraquaney  range  that  Is  of  importanea  In  this  context  (aircraft  nolaa 
has  llttlo  energy  In  the  ultraaonie  ranga),  but  rattier  the  extremely  fast  pressure  rlse-tlmas  that 
ara  characteristic  for  Impulsive  type  sounds.  Such  impulsive  noise  typically  occurs  during  helicop¬ 
ter  blade-slap  or  from  high-speed  propellers.  Microphones  with  an  Inwfflelent  upper  Aroqueney 
range  would  tend  to  clip  such  an  impulsive  "needle-type"  signal;  Thoaa  with  a  wido  (Nquency 
range  extending  into  the  ultrasonic  regime  ara  therefore  sometimes  used  whan  aircraft  noise  oontalns 
impulsive  ooa^ponants. 

(b)  Wind  acroans 

Micrephonas  In  the  field  must  be  equipped  with  windacraens  to  reduce  wind  Induced  nolaa.  Such 
wind  acroans,  soamtlsms  also  called  "wind-balls"  of  6  to  3  cm  In  dlamatar  typically  provide  a  10  dB 
nolaa  reduction  for  wlnd-lnducad  nolaa  (or  wind  speeds  within  the  acceptable  range  (or  certification 
testing. 
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It  totilM  |Md  praAiOT  (wkM  ««tat  wiwitiiiMr  aieraptMnM)  to  ooiMy  MtualtllAoro,  wlitek  «m  ko 
tnowptod  botwoM  Uio  ulorepheM-oortrldfo  oml  Um  proMioUtlort '  In  tfco  eonmn  at  •  ty^lenl  taot 
dny.  mlerophottM  and  othor  odotiHMnt  may  bo  not  up  early  in  tho  aMming,  whan  huaildlty  tonda  to 
bo'  Mih;  :  iMoo  tiiilvamiittUMi  attould  bo  iwllakod  on  at  lonai  ono  koor  botero  tko  tiroi  aaaaura 
aiinu  aro  oMd*,  adarodkonoa  antat  bo  protootod  froai  huaddtty  wbieh  oan  condonao  on  od  bohtnd  tho 
dlnpki^».  Rato  that  a  dakuaildtftor  rORulvoo  '*back>vontad*<  aiterophono  eartrtdgna  (not  atdo-vontod 
oiMol'  tk  altow  dta  okaaittal'  ngant  (o.g«  alllea  gall  to  raawiia  dotrlawntal  huaddUy  tram  tnatdo  tho 
mtnrophono;  t  ■  ■ 


(d)  ftrowapltnof 

Diroctly  bohtnd  tho  capacitor  of  tho  microphone  eartrldgo  or  bahind  the  dahumtdtftar  thoro  will  bo 
tho  hroaaiplttlor.  Tho  main  function  of  a  proampllflor  la  not  to  provide  voltago  gain,  but  to  convert 
tho’hlgh  olaetrloal  hapadanco  at  tho  output  of  tho  mlorophono  (typically  groator  than  10*  ohm)  to  a 
low  impodonoo  (tjrpically  loan  than  S8  ohm).  A  low  Impadanoa  la  neodod  to  drivo  long  algnal  eableo 
without  algntflcant  attenuation  of  algnal  amplitude,  hroampllflora  are  doelgnad  ao  that  tholr  phyaU 
cal  dtawnalona  match  thoaa  of  the  cartridge,  combining  Into  ono  handable  unit.  Within  the  doatgn 
froqueney  range  they  are  linear,  l.e.  they  do  not  change  tho  frequency  roaponae  of  the  cartridge/ 
preamplifier  aaaambly,  A  typical  1/2  Inch  dlam  preamplifier  for  uac  In  combination  with  a  1/2  Inch 
dlam  cartridge,  for  example,  would  bo  linear  between  M  Ha  and  20  kHa. 


Tho  combination  of  the  wlnd-acreen  ("wind  ball"),  the  microphone-cartridge,  the  dohumldiflor,  and 
the  preamplifier  then  conatltutea  the  "microphone  aaaembly",  or  "microphone"  for  short  (Fla.  3.4). 
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(e)  Power  Supply 

Condenser  microphones  (othor  than  the  prepolarlaed 
typee,  see  Section  'f*  below)  must  be  supplied  with  a 
polarisation  voltage  (e.g.  200  V).  Also,  the  preampli¬ 
fier  ("impedance  converter")  requires  Its  own  electric 
power.  For  both  such  purposes,  power  Is  usually  sup¬ 
plied  by  an  external  supply-  unit  that  is  connected  via 
a  acreened  cable  to  the  microphone-assembly.  Such 
power  supplies  can  be  battery-driven  (supplying  only 
one  or  two  microphones,  Fla.  3.4)  or  be  connected  to 
the  electric  main  power  supply  in  which  case  they 
could  feed  several  microphones  (e.g.  six  or  eight)  by 
multiplexing. 

An  external  power-supply  is  not  necessary,  or  can  be 
bypassed,  if  the  microphone  assembly  is  connected  to 
earns  measuring  Instrument  that  has  Its  own  built-in 
power-supply.  Certain  types  of  'Sound  Level  Meters' 
("SLMs"),  'Frequency  Analysers'  or  'Measuring  Ampli¬ 
fiers'  come  with  power-supply  connections  so  that 
microphone-assemblies  can  be  connected  directly  to  such 
equipment. 

The  power  supply  unit  (or  units)  would  then  connect 
through  an  appropriate  number  of  cables  (one  for  each 
microphone)  to  a  tape-recorder  (or,  as  the  case  may 
be,  to  a  level-recorder  or  to  some  other  display  unit 
etc,). 


(r)  Mtwtrtwww  tin  Co«fcti>tUtB  wlW>  Pwctotoa  loiwwl  Urr#  Wtw) 


Pr«peUrtatd  (widMMr  «leraphama  m«  conunwu^  wttk  •  »>rr>ti>g  Itywr  on  th«  dtaptiragm, 

•IMInMtni  th*  AMd  for  oMomol  peUrlMUoA.  Thotr  Min  odvontnco  u  In  tho  powor  ••vlngi  in 
tlirid  UM  fit  Hint  lo  of  Binoorn)  and  tkag^  nro  tjrvlonlly  uMd  in  eomuMUon  vttli  hand-hold  hrool- 
aton  aanhd  taval  aMorOr  tt  -  aa  In  notao  oarttfleaMon  of  light  propaUar-driroh  aoropUnoa  -  only 
an  ii^^^-'valuo  ta  to  ha  datanatnad  hy  alauatly  roading  tha  Mtar,  ualng  a  pragolartaad  ailoro- 
phona  l*a  eanvahtont. 

Tho  autgnt  at  aMh  a  ialoiaphona/aaund*-ltaal  oMor  ayatam  un  Mao  ha  raoordad  on  a  tapo-roeordor 
for  lalar  lahoramy  anatyalo.  Prapolariaad  Meraphonoa  am  uaually  of  tha  fmo-fiold  typo,  (rathor 
than  of  tha  proaauro  typoli  thay  ariat,  tharoforo,  ha  aettvoly  diroctad  toward#  tho  alreraft. 

(g)  gawtaton  had 

It  ta  oftan-  oonvonlont  to  attaoh  tho  mleraphona-aaaanhly  to  a  flaxiblo  axtanalon  red  (aomatlaiot 
crallad  :"goeaa-nock'')t  whMt  can  bo  aiouniad  on  a  floor-atand  or  tripod.  It  can  alao  bo  dtroctly 
ennnaetad  with-  a'  portahlo  8LM.  Tho  goooo  noeh  allowa  a  proaauro ■  roaponao  typo  ntierophona  to  be 
ohally  poattlonod  In  tho  dlroetlen  of  tho  oxfoetod  grating  oound  Inctdoneo.  Thla  It  particularly 
convantont  for  aldo-llno  oilerophenaa,  whom  tho  diaphragm  muat  bo  orlontod  at  aomo  anglo  with 
mapaet  to  tho  ground  aurtaeo  piano.  Tripod  hooda,  can,  of  coumo.  alao  bo  diroctad  in  any  daalrod 
poaltlon  for  aptlmum  adompheno  orlontatlon. 

Tho  above  mterophono  arrangOMnt  rofora  to  tho  cuttomary  poaltlon  1.1  m  above  tho  ground,  aa  atUI 
apaciriad  In  tho  ANNgX  1<  Chaptom  S,  a,  and  S.  If  tho  microphone  muat  bo  poaltlonod  directly  on 
the  ground  to  oUmlnato  ground  mfloetlon  offocta  aa  rooulrod  in  ANNEX  16/Chaptor  10  a  apodal 
adaptar  aiuat  bo  uood,  whloh  placoa  tho  liivortad  mterophono  at  tho  corroet  dlataneo  (T  mm)  above 
the  circular  hard  aupport  plate  (aoo  Fig.  S.tt). 

<h)  Eatonalon  Cabloa 

Tho  eonterllno  mlerophono  la  uaually  placed  fairly  cloao  to  tho  data  recording  atation  (within  10  to 
30  n  dlataneo,  or  ao).  SIdoUno  mlerophonoa  aa  rouuirod  o.g.  for  holleoptor  notao  eortlfleatlen  am 
100  m  to  each  aida  of  tho  cantor  mlerophono.  Thla  dlataneo  can  bo  bridged  by  oxtonalon  cabloa, 
which  typically  com  In  longtha  of  3  m,  10  m,  or  30  m.  Such  cabloa  muat  bo  well  ahloldod,  ao  that 
no  oatranooua  algitala,  aa  radlatad  by  mdlo  atattona,  am  picked  up.  (It  may  bo  ontortatnlng  for 
tho  toat-ongtnoar  to  llatan  to  muaie  through  hla  aoeuatte  data  acuutaitlon  ayatom,  but  that  la  oor- 
talnly  net  helpful  far  tho  orlglnM  purpoao).  Even  longer  dlataneoa  will  have  to  bo  ovorcoaio.  If  tho 
aignala  from  aovoral  mlerophonoa  (aay  at  430  m  to  both  aldoa  ot  a  contar-atation)  muat  bo  recorded 
on  the  aaaw  rooording  tape.  If  thla  la  not  aboelutoly  noeaaaary.  It  la  owrtalnly  loan  eomplloatad  to 
otpilp  oaoh  roMoM  maaouromant  atation  with  Ita  own  tapo-roeordor.  In  that  eaao,  tlmo-aynohrontaa- 
tlon  la  ImpOTOtlvo,  and  oaoh  omaourmaant  atation  ahauld  almultanoaualy  roeord  a  oomawn,  radlo- 
tranmalttod,  tlam  coda  on  tho  data-tapo,  aa  will  bo  dtacuaaad  In  Saetton  3.4.3. 

(1)  Electric  Power  Oonomtom 

Mitch  of  tho  equipment  dooortbad-  above  la  available  In  battery-  driven  voralena.  Although  automo- 
Mlo  battartoo  nan  acUNtiaiaa  pmvido  low  voltage  oloetrtc  powor  ta  tho  field.  It  ta  uaually  bettor  to 
uao  a  quIM  ptaten  angina  poworod  oloetrtc  powor  gonorator.  Such  power  gonoratem  am  available 
In  lowi  nalaa  varalono'  wMah  ean  tm  poattlonod  fairly  doao  to  tho  mlctephanoa.  If  many  upo  raeer- 
daroi  power  auppUoav  analyaom  etc.  muat  bo  uaod  in  a  field  whom  no  oloetric  currant  la  avail¬ 
able,  aiiuh  autonoawua  genoratom  am  vary  eonvonient.  Oeawaamlal  modala,  oupplylng,  for  osamplo, 
40Q  b  or  ION  W,  am  wall  auttad  for  tho  aubjoct  purpoao. 
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Hm  M  It  WMN  kM  iIm  ■lawplwt  via  Um  »faaai»Uflar  raaaUva  atMIllMiag  priar 

la  riaarilag.  tt  will  hava  la  ba  aapIttM  aM  -  If  naaaaaanr  -  ipaalralUr  ahapa4  batata  it  aaa  ba 
fattr4ti  a*  a  raaaNw  af  IMUta4  4piiaMa  taaga.  Iba  ■licapbaat  atgaal  la  uaually  at  tlia  ordar  of 
adlllValta  (aaMtlMa  aaly  adaraValta)  aad  aniat  ba  aaiplltiad  la  tha  valtaga  raqalrad  tar  tba  tapa 
taeardar  (aaaally  af  tlia  ardar  af  I  Valt  MN).  Iba  altnal  aaaditleiilai  dapaada  oa  tba  artplnal  al|- 
aal  atiaasih  aad  aa  tha  apaelal  ahataetartatlea  at  tha  aatwaUe  alcaal  (a.|>  if  It  baa  pradaadaantlp 
law  tNaaaaalaa  at  ptwdaadaantly  bt^  taaaaaaalat,  or  It  Iba  dynaaila  raaia  la  bapand  tba  eapabill* 
tlaa  at  tha  raaatdar). 

tar  aaaaq>la,  tba  nalaa  algnatwra  af  a  balleoptar  undar  blada  alap  canditlena  with  aubatantial  ta^ 
palalva  aalaa  eaaipanaala  a«y  hava  a  tatal  dpnaailc  raaga  at  M  dl.  A  typlnal  analag  raeardar, 
bawavart  waald  aal  ba  eapabla  at  raeardlag  aaah  a  larga  dpnaiatc  raaga.  la  aueb  a  eaaa  ana  can 
ipiBtrally  ahapa  Iba  aignal  bp  da>^pbaalUng  (attanuatlag)  tba  law  traqwaaep-part  with  raapaet  to 
Iba  high  ttagwaaay  part,  tbaa  radwolng  tba  dpaaaile  raaga  at  tha  antira  aignal  batara  raoording  an 
ana  ohaaaal.  Ibla  taebalgwa  will  alaa  ba  dlaeataad  In  gaellan  S.t.S. 

Aa^lltlara  with  tppioal  galna  ttaai  1  to  lOM  la  eanlunetton  with  a  band-paaa  tlltar  (a.g.  varlabla 
higb-paaa/law-paaa  capablUtiaa)  eoald  ba  uoad  for  aud»  paipaaaa.  A  eooHaarciallp  avallabla  dual 
diaaaal  ftltor  tar  taataaoa  toatwraa  a  htgb-paaa  tlltar  with  a  varlabla  low  traauaney  eut*oft  O.l  Ha 
to  10  bRi.  luob  tUtarlag  aaa  alaa  ba  uaaful  la  tiald  awatarawanta  wbara  wind-inducod  nalaa  at  pra- 
doBdaanllp  low  fragwaney  oauld  eauaa  an  avarlaadlng  at  tha  tapa-raoordar'a  dynaailc  ranga. 

(b)  Aaalaa  Tapa  haoacdata  (Dlraot  Mada.  rtaaaaaey-^odalatad  TM*  Modal 

In  tha  aroa  af  aircraft  nalaa  raaaarcb  analog  tapa  raoordara  ara  atlll  awat  widaly  uaad.  although 
digital  raoordara  (and  aodarataly  prlaad  vldao-mcardara)  may  avantually  roplaea  analog  racordara 
on  account  af  thair  aubatantial  advantagaa  with  raapaet  to  dynamic  ranga,  llnaarity,  track -ta-track 
phaaa  match  aad  long  raoording  duration. 

Ibara  ara  two  baatd  typaa  of  raeardlag  madaa  tor  analog  tape  racordara:  direct  racordlna  (DR)  and 
taaouancy  ■adulatlaa  raoardina  (FUR),  High  quality  tapa*raeardare  accept  plug-in  unita  which  allow 
all  ar  a  nuataar  at  cbannala  to  ba  coavorted  from  one  Into  tha  other.  In  tha  DR-moda,  tha  analog 
algaal  la  diraetly  racardad  an  tapa,  while  in  tha  FM  reoardlng  made  tha  aignal  la  madulatad  upon  a 
oarrtar-traguoaoy ;  amplitude  variatlana  than  raault  la  carrlnr-fraquaney  awdulatlona. 

OR  aad  FUR  ditlar  la  lhair  ralatianahlpa  af  tapa  apaad,  achtavabla  traguancy  ranga,  dynamic 
raaponaa  and  algaal  to  aataa  ratio,  la  the  DR  mode  only  AC-aigaala  can  bo  recorded  down  to  a 
lowaot  Craguaaay  whiak  la  a  tttaolloa  at  tapa  apaad.  A  typical  analog  tapa  racordar.  In  tha  "Intor- 
madlata  band"  omda,  adght  hava  a  DR-baadwidth  of  SOO  Ha  -  NO  kHa  at  the  high  tapa  apaad  of  IM 
In/a  and  one  of  N  Ha  -  1.3  kHa  at  tha  low  tapa  apaad  of  16/33  In/a. 

Wmn  oparatod  la  tha  FH-omda,  tapo-raoardora  can  record  (Tom  DC,  l.a.  from  0  Ha  up  to  a  highaat 
ftaguoaey  arttlob  again  dapanda  on  tho  tapa  apaad.  A  typical  tapa  racordar  -  auch  aa  tha  RACAL 
Itorabaraa  14  obannal  tapa  raoordar  (Fla.  3.6)  In  tha  Intarmadlata  band  mode  -  can  raoord  from 
0  Ha  to  N  kHa  at  IN  la/a  aad  taom  0  Ha  to  IM  Ha  at  16/31  la/a.  Tha  boaafiU  of  FM  raooHlng  lie 
In  tha  good  law  fraguaaoy  phaaa  llaoority  and  tha  aacollaat  amplitude  atablllty.  FM-rocordlag  la 
tkaralara  paKtoularly  uaaful,  whoa  aoouotlc  wava^arom  ("aaouatio  proaaura  tima-hlatorlaa")  muat  ba 
praoorvad  ratbpr  than  tba  apaotral  lafarmatlaa. 

For  flyover  nalaa  maaouramanta,  wham  tho  typical  freguaaey  ranga  of  Intaraat  lloa  batwaoa  N  Ita 
aad  13.6  kHa  aaa  could  uaa  althar  tha  DR  mode  at  tho  fairly  low  tapa  apaad  of  3  3/4  la/a  (with  an 
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Fig.  3.S  14-channel  tape  recorder  (RACAL  Storehorse) 


associated  frequency  lange  of  50  Hz  to  16  kHz  and  a  dynamic  range  =  S/N-ratlo  of  40  dB).  If  even 
lower  frequencies  arc  of  Interest,  such  as  for  certain  types  of  helicopters,  one  would  employ  the 
FM-mode  at  a  tape  peed  of  30  In/s  to  allow  recording  from  0  Hz  up  to  10  kHz  (S/N-ratio  of  52  dB), 
or  If  necessary  of  00  In/s  to  record  up  to  20  kHz  (S/N-ratlo  of  52  dB). 


Clearly,  the  recording  mode  and  tape-speed  to  be  employed  largely  depend  on  the  frequency  range 
of  interest  and  the  dynamic  range  of  the  signal  to  be  measured.  In  field  use,  tape  consumption 
may  also  be  an  Important  issue  (apart  from  cost-aspects):  if  a  slow  tape  speed  can  be  used,  tape 
changes  are  less  frequent  -  a  distinct  advantage,  since  any  such  change  constitutes  a  test-disrup¬ 
tion  and  requlrec  a  new  tape  calibration.  On  the  other  hand,  If  high  quality  data  at  relatively 
low  frequencies  are  required  -  as  for  Instance  In  helicopter  noise  research  -  the  FM-mode  and  a 
high  tape  speed  must  be  used,  e.g.  60  in/s.  .To  give  an  Indication  of  tape-use;  a  typical  IS-inch 
tape  reel  would  run  through  the  recorder  In  abbiit  20  minutes  at  that  tape-speed. 

In  a  typical  noise-certlflcatlon  test  for  subsonic  jet  aeroplahes  between  6  and  8  microphones  would 
be  a  minimum  required  for  the  take-off/sldstine  noise  dKta  acquisition.  If,  in  addition,  microphones 
St  different  heights  S^tWe  the  ground  are  emptoyed'  (as  becomes  quite  common  now  In  alrcr'aft  noise 
research)  to  eampat^''^S  signals from  e.g  a  m’lcroijiit.oaiS  at  1.2  m  above  ground  and  one  directly  on 
the  ground  surfac^j!' MW  ailrs  .mlcrophsaes  must  be  employed.  Ip  that  ease  a  multi-channel  tape 
recording  la  abaoli^‘;ttece|t^ii^4%^'  , . 

If  a  smaller  ' BumlHW  of  mteruphonW%iii4^t  ;|j|^ih  a.  standard  helicopter  noise  certification  where 
only  3  microphones  JdNt  ^iptlflfd,  high  qa^ii(jfiji(^-reeerders  with  fewer  channels  can  be  employed, 
such  as  the  battery-drlvsii  ahd  j^FtSble^BftK  i^^aiijiel  (^pe  7005)  pir'  the  RACAL  T-chsnnel  (type 
STORE  7  DS)  analog  tape  recorders'. antbi'  8.7) .  They,  may  be  operated  in  either  the 
FM-mode  or  the  OR-mode  by  means'  'of.  orT.!;bR-units.  These  instruments  allow 

recordings  from  DC  up  to  15  kHz  at  15  in/s  th  thu  DR-mode  recordings  from  20  Hz 

to  6  kHz  at  1.5  in/s,  or  from  36  Hs  to  75  kHz  at  15  in/s  are  possible.  (These  lower  and  upper 
bound  frequencies  are  defined  by  the  MSpectlve  -3  dB  pointsl). 


K  tape  recorder  must  provide  at  leaat  one  voice  (or  cue)  channel  tor  annotation  purpoaes.  Many 
tape  recorders  feature  an  extra  voice-track  (ueually  at  the  edge  of  the  tape)  with  less  dynamic 
and  frequency  range  than  the  measuring  tracks.  On  such  sDeelal  tracks  a  oontinuoue  tlme-code  or 
tlme-synchroniaatlon  (square  wave)  pulses  can  also  be  recorded. 


i'lg.  a.?  T-chaiiait  KMpii  raeor«Mr  (IUiCAL  Btore  M  1) 
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Tap*<rrMord*ra  With  I  ohann«l«  can  alto  ba  uaad-  in  aircraft  nolaa  eartlfleatlan  where  only  one 
mieraphona  la-  raiiiilredt  ae  In  ll|^t  propallar-drlvan  aeroplane  nslaa  cai^ifloatlon.  Autonooieua 
meaauronent  atatlona  could  than  each  uae  a  HPat***  2-channal  tape  recorder,  ouch  aa  the  NAGRA 
type  IV-ftl  (ri«.  G.«)i 


Fig.  3.S  2-elUMinai  taH  f^rder  (NAOIM  type  IV-SJ) 


(e)  Digital  Tape  Recordera.  Vldeo-Becordera.  Pulaa  Code  Modulation  Technlaue 

If  flyover  nolae  data  are  to  be  evaluated  ill  b^a  of  BPNl  ualng  a  oooiputer,  it  la  convenient  to 
store  data  as  obtained  In  the  field  directly  In  digital  form,  ready  for  computer-prooesaing.  This 
would  eliminate  the  intermediate  step  of  act^lrlng/storlhg  the  data  lit  analog  form  first,  as  - 
before  processing  -  data  would  have  to  ba  converted  to  digital  data,  anyway.  An  example  of  an 
appropriate  direct  digital  recorder  la  the  TEAC  RD->101>t  (Pig.  3.9).  One  could  make  use  of  "the 
best  of  both  worlds"  by  employing  one  channel  of  an  adalog  multi-channel  tape  recorder  for  digital 
storage  of  very  low  frequency  (non-acoustic)  Information,  such  as  atmospheric  data  (humidity,  tem¬ 
perature,  air-  pressure  etc.)  or  some  time-code,  while  using  the  other  channels  in  their  FM-mode 


Better  results  than  possible 
with  direct  recording  or  FM- 
recording  of  analog  data  can 
be  obtained  by  recording 
digital  data  on  analog  tape 
recorders.  In  that  case  the 
analog  signals  must  first  be 
converted  to  digital  data  by 
means  of  an  appropriate 
Analog/Dlgital-Converter  such 
as  the  Nakamichl  DMP-lOO 
which  employs  pulse  code 
modulation  'PCM';  this  is  a 
S-channel  unit  that  can  accor¬ 
dingly  feed  2  tape-channels. 


for  the  acoustic  date. 


Fig.  RjR  Digital  reberdsr  (TIAO  RD-m-T) 
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Digital  daU  raeoKdlng  .provldM  axMlUiit  frequancy-linnrity  within  th«  required  frequency  regime. 
PCHr  digMel  data  can  be  atorad  on  a  normal  analog  tape-recordqr 'and  played  back  through  a  Dlgi> 
tal/Analog-  Converter  tn  oupply  the  original  analog  data  for  further  proeetelng  if  neceeaary.  PCM 
digital  data  can  also  be  recorded  on  commercial  video-recorders.  Because  of  the  high  bit  rate, 
which  video-recorders  can  accept  (on  account  of  their  rotating  record/reproduce-heads),  they  have  a 
large  dynamic  range  of  typically  90  dB.  This  is  substantially  better  than  that  of  any  analog  recor¬ 
der  (with  typically  not  more  than  40  to  SO  dB).  Some  older  video-recorders,  however,  show  high 
drop-out  rates,  a  distinct  dlsadvahtnge  (in  acoiiatic  data  storage.  Clearly,  loss  of  even  only  a  few 
'bits'  can  ultimately  result  in  eirenbdosi'iiwi^ - 

High  quality  vidab-i^MiuM  (aiieh  as  the  SONY  XI-Katlc  '-iMrio*,  Pig.  8.10)  with  improved 

error-detection  and  edmotion  capabilltieo  must  be  preferred,  therefore,  to-day's  video-recorders 
use  only  3  trackgy  whleh  fact  may  present  a  lisdtation  in  acoustic  flyover  noise  tasting,  where 
frequently  more  ehannela  are  required. 

The  advantages  of  the 
PCM-processor/  video¬ 

recording  approach  (wide 
dynamic  range,  excellent 
frequency  stability,  long 
lecording  times  in  the 
order  of  hours  at  very 
reasonable  tape  consump¬ 
tion)  are  counteracted  by  a 
severe  disadvantage  for 
acoustic  data  storage:  the 
limited^  frequency  range  of 
typically  only  1/4  of  that 
of  an  FM-recording.  De¬ 
pending  on  the  number  of 
channels  used,  the  upper 
frequency  limit  may  be 
only  a  few  kHs  (typically 
1  to  3  kHz). 

Low-price  PCM-proceasors 
Pig.  3.10  Video  recorder  (Bony  U-matic)  must  be  started  and 

stopped  by  hand,  which  is 

inconvenient.  There  are,  however,  other  high  quality  (and  high  price)  multi-channel  audio-studio 
digital  recorders  with  built-in  PCM-preaeadora'  for  all-  ohaitpets,  such  as  the  24-digltal-channel/ 
4-analog-ohannel  SONY  type  PCM-3334  S.ll)  with  atatliMarv  raoocd/reproduce  heads.  This  in¬ 

strument  combines  high  dynamic  rangst  (In  excess  of  M  dBl  with  a  auttlelantly  wide  frequency-range 
(20  Hp  to  20  kHz  -tO.SZ-l.O  dB),  requtriili| 'hows^  higKl;0pe 

If  dynamic  range  is  not  the  overriding  Isaue  in  a  test,  the  "conventional"  analog  tape-recorder  in 
its  FM-recordlng  mode  may  still  ba  the  bfst  instrument  for  aircraft  noise  measurements. 


(a)  Clipnina 


In  actual,  field  tasting,  aeoustlc  data  -  as  recaivad  from  the  microphone  -  must  be  checked  before 
they ;  am;  atere4>  useful  to  monitor  incoming  signals  before  recording.  This  can  be  dene  by 

visually  observing  either  the  pressure-time  traces  on  an  osollloeoepo  or  the  voltage-  (t.e.  level-) 


51 


IndteaUtr  on  o  wniwonlW  WnHtflor  or  an  indicating  (praelalon)  sound  Uvol  matar.  This  practlca 
halpa  to  ohaek  tor  eliitotol^to^^ilM^adlttili^  tinea  tha  gain  of  tha  praampllfiar  mu<t  ba  proparly  set 
to  assure  that  u\i4tstoriild<iMiDiM  «t«  acjguirsd. 

Impulslva-typa  noise  signals 
ara  particularly  sensitive  to 
clipping.  As  discussed  before, 
the  signal  as  coming  from  a 
microphone  must  often  be  fil- 
tarad  to  adjust  its  dynamic 
range  to  comply  with  the  dyna¬ 
mic  range  of  the  recorder.  The 
gain  after  filtering  is  now  dic¬ 
tated  by  the  original  signal  to 
ascertain  that  it  it  recorded 
within  tha  optimum  regime  of 
the  recorder.  Suppose,  for  in¬ 
stance,  that  the  noise  of  a  he¬ 
licopter  with  blade  slap  must 
be  recorded.  For  the  direct- 
recording  NAGRA  IV  SJ  recorder 
(sea  Fig.  3.8)  the  3-dB-distor- 
tion-  point  lias  approximately  6 
to  8  dB  above  the  0-dB-mark 
("full-scale  mark").  For  such 
an  impulsive-type  signal  the 
amplification  should  be  set  so 
that  the  indicator  needle  re¬ 
mains  between  S  to  10  dB  below 
this  full-  scale  mark.  This 
practice  would  provide  a  10  to 
15  dB  margin  above  the  expect¬ 
ed  full-scale  signal.  On  the 
subject  NAGRA  instrument  the 
time  constant  of  the  indicator 
needle  is  (deliberately)  rather 

long;  although  this  instrument  does  read  "peak"-  values,  it  cannot,  therefore,  indicate  short 
duration  impulses.  If  during  a  flyover  event  the  indicator  needle  would  show  a  "peak"-  value  of 
-S  dB  below  full  scale,  there  may  still  be  impulsive  peaks  well  in  excess  of  that  indication.  By 
providing  an  ample  overload  margin,  clipping  is  prevented  and  the  Impulsive  type  signal  is  not 
distorted  during  recording. 

This  is  certainly  an  extreme  case  and  several  other  types  of  aircraft  noise,  where  there  are  few  or 
no  impulsive  components  (such  as  broadband  jet  noise  and  low-speed-propeller  noise)  do  not  require 
such  an  overload  precaution.  As  stated  earlier,  it  is  good  practice  to  monitor  all  microphone  sig¬ 
nals  prior  to  filtering  to  obtain  an  indication  of  their  possible  impulsive  character  (crest-factor). 
Flt^  .18  shows  time  hlatorles  of  a  highly  impulsive  type  signal  from  a  helicopter  flyover,  and  a 
fairly  broadband  signal  from  a  Jet  aeroplane  flyover  to  Illustrate  thete  two  borderline  cases. 

(b)  Dynamic  Range  Considerations 

Allowing  an  extra  safety  margin  in  the  gain  setting,  however  "eats  heavily"  into  tha  available 
dynamic  rang*  of  tha  recorder.  In  critical  cases  it  might  be  useful  to  employ  a  second  channel  for 
recordlnit  tha  same  signal  with  a  different  gain  setting  if  the  original  signals  have  a  dynamic 
r*a^'  in  *xmbs  of  that  of  tha  recorder. 


Fig.  3.11 


24-dlgttsl.^hannel/4-analog-channel  re¬ 
corder  (Sony  type  PCM-3384) 


-  tv.trS 
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Fig.  3.12  Typical  pressure  time  histories  for  periodic/impulsive  and  stochastic/broadband  noise 


Suppose,  a  helicopter  signal  must  be  recorded,  where  most  of  the  acoustic  enargy  is  in  the  low 
frequency  region  and  where  the  signal  had  a  dynamic  ranga  of  90  dB.  While  microphones,  preampli¬ 
fiers  and  signal  conditioners  can  readily  cope  with  such  a  wide  range,  a  typical  analog  tape  re¬ 
corder  cannot.  The  signal  could  then  be  spectrally  ahaped  by  de-emphasising  the  low  frequency 
portion  before  recording.  Alternatively,  when  ualng  a  3-channal  tape  recorder  one  channel  could  be 
used  to  record  the  signal  as  is  (with  the  appropriate  amplification),  and  in  the  other  channel  a 
low-frequency-roll-off  filter  could  be  inserted,  again  using  the  appropriate  amplification.  Although 
the  second  signal  would  be  distorted  in  its  low-frequency  region  the  high  frequency  portion  would 
now  be  well  above  the  electronic  noise  floor  of  the  tape-recorder. 

(c)  Filter  Phasing 

Employing  such  a  pre-emphasis  filter  on  one  channel  destroys,  however,  the  phase  relationship!  For 
an  ideal  filter,  the  relationship  between  phase  and  frequency  should  be  linear;  a  passive  (analog!) 
filter  usually  does  not  meet  this  requirement.  If  the  filter  had  a  roll-off  frequency  of,  say,  1  kHz, 
then  the  phase  at  4  to  S  kHz  will  not  be  linear  anymore  with  frequency.  Hence,  when  the  interest 
really  was  in  the  (time-dependent)  wave-form  then  any  time-domain-related  information  would  be 
lost.  The  phase  information,  however,  would  still  be  available  on  the  other  channel  (where  no 
filtering  took  place). 

A  (direct  recording)  tape  recorder  has  its  own  low-frequency  roll-off,  perhaps  at  20  Hz,  thus 
acting  as  a  filter  by  itself.  It  would  thus  affect  the  phase-relationship  of  the  recorded  signal  up 
to  perhaps  200  or  300  Hs.  Phase  destruction  is  inherent.  One  therefore  must  employ  FM-recorders , 
which  record  from  DC  on,  if  one  is  interested  in  the  wave-form  of  a  predominantly  low  frequency 
acoustic  signal.  In  this  case,  one  would  also  use  a  signal  conditioning  amplifier  with  a  correspon¬ 
dingly  lower  roll-off  frequency  of  e.g.  1  Hs,  Such  an  amplifier  would  affect  the  phase  only  up  to  5 
or  10  Hs.  Even  for  a  helicopter  noise  signature  -  with  substantial  acoustic  energy  at  frequencies  as 
low  as  30  Hs  -  such  recording  would  now  be  suited  for  acoustic  wave-form  analysis. 

Choice  of  the  filtering  and  recording,  therefore,  depends  on  whether  the  interest  is  in  the  fre¬ 
quency-domain  (spectra)  or  in  the  time-domain  (wave  form).  In  aircraft  noise  certification  the 
inforaiation  of  interest  is  only  in  the  frequency  domain  since  either  the  overall  A-weighted  sound 
presaure  leva)  or  the  band-pressure  levels  in  1/3-octave-banda  is  required.  In  the  frequency  domain 
a  (Asse-shift  introtiuced  by  a  filtering  has  no  effect;  thus  one  can  safely  employ  OR-tapo-rocor- 
ders,  provided  their  lower  ftoquency  roll  off  frequency  la  sufficiently  below  the  expected  signal 
frequenoias. 
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(d)  6r%Bhtc  Uv«l  Htcwdtna 

Flyovar  not**  data  are  uaually  analyted  oft-Hne  tn  the  laboratory.  It  la  ueeful,  howavar,  tor  the 
teat  anglnaert  tn  the  field  to  have  a  "qulck-took"  poeatbtllty  to  verity  whether  the  data,  aa  sent  to 
the  recorder,  are  valid,  Qno  night  thua  wiah  to  aranltor  the  output  ot  each  microphone  not  only  on 
oacllloacope  'ocreena, .  but-  alao  anploy  graphic  loyal  roqordtnga  to  have  an  Inatant  record  of  the 
(e,g,  A-walghtad>  flyover  nolaa  tine  hlatory.  Thia  not  only  provtdaa  an  ad>hoc  feel  for  the  data, 
while  they  are  taken  ^  but  alao  helpa  to  detect  "unexplainable"  dlfferencea  In  the  levala  from  aide- 
line  miecophonea  or  to  identify  other  unrelated  acouatio  dlaturbancea.  Suitable  graphic  level  re- 
oordora  for  thla  purpoaa  are  the  BbK  type  3317  (alngla  channel)  or  the  B4K  3309  (dual-channel) 
(Fla.  a.l3),  Theaa  recordara  accept  different  potentlomatara,  ranging  from  10  to  75  dB.  In  flyover 
noiae  teating  a  50  dB  potentiometer  is  uaually  appropriate  for  the  typical  ratio  ot  uaeful  aignal  and 
ambient  nolaa  floor.  If  more  than  one  or  two  microphone  stgnala  muat  be  monitored,  then 
multi-channel  graphic  level  recordera  can  be  uaed. 


Fig,  3,13  Dual-channel  graphic  level  recorder  (B5K  type  3309) 


3.3,4  Cnllbratlon 

Prior  to  teating.  It  la  neceaaary  to  calibrate  the  aoouatlc  meaaurlng  ayatem  to  determine  both  ita 
frequency  reaponaa  over  the  entire  frequency  range  of  intereat  (e,g.  30  Ha  to  13.5  kHa)  and  Ita 
acouatlc  aenaltlvlty. 


(a)  Frequency  Beaponae 

Frequency  reaponae  calibration  aarvaa  to  determine  devlatlona  of  the  entire  raoording/reproduclng 
ayatem  from  an  Ideal  uniform  frequency  reaponae.  In  noiae  certification  teating  auch  calibration 
would  boat  be  done  in  1/3-oetave  banda.  The  oallbratlen  of  a  ayatem  can  be  executed  In  one  of  two 
wayai  (1)  either  an  overall  calibration  la  made  (l.e.  from  the  microphone  all  the  way  through  to 
the  final  anelyaer  out-put),  or  (3)  each  of  the  major  lubayatema  (e.g.  preamplifier,  power  aupply, 
aignal-condltlonw  prior  to  the  recorder  input  aa  one  aub-ayatom,  and  the  roeording  ayatem  through 
the  analyala  ayatem  aa  the  other  aub-ayatam)  la  individually  calibrated.  In  the  latter  caae,  the 
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eallbratlon  alsnaU  w«  Inawiad  at  tha  input  of  aaeh  aub*oyataai  and  tho  output  la  obtalnad  at  tho 
laat  oaaiponont  of  tho  oub«oyotoai.  Tho  olaetrleal  raaponao  of  tho  ontlro  ayataai  la  than  tho  arlthawtle 
auta  of  tho  Individual  raapanaoo  (Mm  oaah  dub^yataai. 

Bofbro  datonalnlni  tho  ayataai  roaponaa,  tho  praaauio  roaponao  of  any  nlorophono  can  bo  obtalnad  by 
OMana  of  an  oloetMatatle  aotuator,  aavloylng  far  axaaiplo  a  roclproelty  calibration  apparatua  (a.g. 
BM  typo  4149)  In  eonjunetlon  with  an  adaptor  (MX  typo  UA  OOtt).  Whon  applying  an  approprtato 
alno-algnal  to  tho  aotuator,  tha  rooultlng  olaetrleal  field  will  novo  tho  nlorophono  dlaphrag*  In  a 
way  alnllar  to  an  aoouatlo  algnal,  providing  tho  froquoncy  rooponao  of  tha  mlerophona  Itaalf.  Pro- 
quantly,  howovor,  tho  nanufaeturar'a  callhratlon  ahaat  on  nlerophono  aonaltlvlty  la  accoptad,  alnoo 
only  naehanlcal  daowga  of  the  dlaphragn  or  aono  groaa  nlahandllng  could  altar  ita  froquoncy  ro- 
aponaa. 


Tha  ayatan-reaponaa  la  obtalnad  by  feeding  an  olaetrleal  algnal  from  a  alna/random-nolao  generator 
to  tha  mlerophono-proampllflar  from  which  tho  mlerophona  cartridge  haa  boon  removad.  Tho  algnal  la 
than  awopt  through  tho  froquoncy  range  of  Intaroat.  In  nolao  certification  taatlng  a  broad-band 
algnal  (rathar  than  a  dlaeroto-froquancy  algnal)  awoop  la  employed ;  an  appropriate  broadband 
algnal  would  be  1/S-octava  filtered  random  nolaa,  alnco  In  moaeurlng  aircraft  nolao  It  ie  tha 
1/3-octava  band  apoetra  that  aro  of  Intoreat.  Inatoad  of  white  noloo  (noloe  of  uniform  apectral  dan- 
alty  *  abaoluta  eonatant  bandwidth),  plnk-notaa  (white  nolao  fad  through  a  -3  dB/oetavo  filter)  la 
aoaiattaMa  preferred  for  calibrating  an  aeouatle  amaaurament  ayatom,  alnoe  It  provldea  a  uniform 
level  far  a  1/3-oetava  (•  relative  eonatant  bandwidth)  ropreaontatlon. 

Tha  output  at  tho  final  component  of  tha  ayatom  (or  aub-ayatam)  than  eonatltutea  the  frequency- 
dopendant  deviation  from  tha  original  input,  l.e.  the  ayatam'a  frequency  raaponao  to  any  given  in¬ 
put  algnal.  Thla  Infermatlon  la  then  uaad  to  correct  tho  aound-preaauro  band  levela. 

(b)  Aeouatle  Banal tivltv 

While  tho  above  -calibration  aervoa  to  dotormlno  tha  linearity  of  tho  flraquency  rooponao,  the  abae- 
lute  aonaltlvlty  la  boat  dotorminod  by  moana  of  an  aeouatle  calibrator  generating  a  known  aound 
preaaura.  An  appropriato  aeouatle  calibrator  la  tho  platonphona.  Piatonphonaa  (being  light  In 
weight,  portable  and  battory-drlvon)  aro  hold  on  top  of  the  mlerophone-cartrldge,  whore  they  gene¬ 
rate  an  ostraaMly  atable,  reproducible  and  eonatant  aound  praaauro  level  of  e.g.  U4  dB  at  250  Ha. 
Thera  are  other  typea  of  piatonphonaa  that  operate  at  lOOO  Hi  or  at  other  proaat  frequenclee  and 
adjuatabla  levela.  It  aufflcaa  to  cheek  tha  aeouatle  aenaltlvlty  at  one  frequency  only,  as  the 
frequency  roaponao  la  already  known  from  the  calibration  procedure  deacrlbed  above  under  (a). 

(e)  Inaort  Voltaae  rreouency  Calibration 

In  field  taatlng,  whore  a  aubatantial  number  of  microphones  is  used  that  are  often  located  at  large 
dlstanoas  from  tho  central  awasurlng  station.  It  la  advisable  to  use  the  Insert  voltage  calibration 
taohniquo.  Thla  la  a  convenient  amthod  for  remotely  field-checking  the  electrical  sensitivity  of  a 
eoaqiloto  sound  smasureawnt  systam.  Including  preanipliflers  and  cables.  The  method  does,  however, 
not  account  for  tho  owchanical  parameters  which  determine  the  acoustic  properties  of  the  microphone 
cartridge  Itself. 

A  spoolal  preamplifier  such  as  tho  BBK  type  3645  for  a  1/2  Inch  diam  microphone  cartridge  is 
than  Inaarted  batwean  tha  mierephone  cartridge  and  the  power  supply:  tha  power-supply  la  connected 
te  the  pMampllftor  input  socket  of  a  awasurlng  amplifier  or  a  froquaney  analyser  of  a  typo  that 
oan  supply  an  Insert  voltage  (a.g.  the  BU  measuring  aaqilifler  typo  3636).  It  is  also  possible  to 
uae  an  eatemal  stna-generator  with  variable  frequency  and  voltage  output.  The  entire  frequency 
and  tavel  oalibretton  of  tho  awasurlng  syatsm  (’’downstream"  of  t)w  microphone  cartridge)  can  then 
be  done  raawtaly,  eliminating  the  nead  to  perfarm  individual  platonphona  ealtbrattons  on  aaeh 
■terephoBa. 


-•try;- .te-pfirtf""*;: —  ' 
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(4)  Maamrf a-liirtruiwnt  Dafctor/lndteatw  Ofraefrlrtto 

Th*  caUbnUon-pcMaduraa  dlscuMsd  ao  tar  apply  t«  «antlnuoua  (Ignata.  Aircraft  tlyovar  nolM  ia, 
howavcTt  tnharantly '  iranaiant  in  nature  and  aoRMttmaa  highly  impuUlva.  In  thaaa  eaaaa  the  detec- 
tor/indieater  eharaeteriatica  of  the  metering  inatrument  muat  be  well  underatood  in  order  to  correct¬ 
ly  interprete  the  aignal  obeei^ed. 

Sound  level  awtera  (SLMa)  are  uaually  equipped  with  aeveral  preaet  reaponae  eharactartattea,  e.g. 
termed  'impulae',  'faat',  and  'alow'.  Thaaa  dealgnationa  refer  to  the  apaed  with  which  the  indi¬ 
cator-needle  on  the  metering  inatrument  (the  "acale")  approachea  a  maximum  value.  The  critical 
paraaietar  la  the  'tlme-conatant'  of  the  'exponential*  averaging  circuit*  in  the  inatrument;  theae 
tiaM  conatant  -  in  "nreclaton  SLMa"  -  are  3S  ma,  12S  ma,  and  1000  ma  for  the  detector  reaponaea 
'impulae'.  'faat'i  and  'alow',  reapectlvely . 

If  a  (tonal)  aound  burat  la  applied  to  an  SLM,  the  needle  will  atari  daflacting.  But  before  it  haa 
reached  the  deflection  that  would  correapond  to  the  maximum  aignal  laval,  tha  burat  haa  endad  and 
the  needle  will  fall  back  again.  The  apaed  at  which  thia  happana  ia  a  function  of  the  duration  of 
the  tona-burat  t^  and  of  the  detector  time  conatant  t  .  The  number  of  deciBels  Delta  !•  hy  which  the 
needle  "fatla"  to  reach  the  maximum  can  be  calculated  from 

Delta  L  -  10  log  ((1  -  expf-t^/  T  )> 

For  example,  if  a  tone  burat  of  200  ma  duration  la  applied  to  tha  SLM  eat  at  the  detector-reaponae 
'  faat ' ,  tha  needle  would  come  up  to  1  dB  of  the  maximum  laval ;  if  tha  detector-reaponae  waa  set  at 
'alow',  it  would  mlas  the  maximum  by  7.4  dB. 

Aircraft  do  not  emit  single  tone-bursta,  but  "sequences  of  tone-bursts"  (repetitive  sound  events  of 
short  duration)  which  for  a  helicopter  under  a  blade-slap  condition  would  translate  into  a  periodic 
emlaalon  of  Impulaes  of  identical  wave-forma.  A  four-blade  helicopter  with  a  main-rotor  speed  of  400 
RPM  will,  for  example,  emit  20  impulses  per  second,  each  perhaps  only  10  ms  long.  The  sound  level 
meter  will  then  show  an  averaxe  needle-indication,  several  deciBels  below  the  maximum  sound  level 
during  the  pulsea. 

The  amount  Delta  L,  by  which  the  needle  missea  tha  maximum  sound  level  is  again  a  function  of 
the  detector-response  time  conatant  and  the  burst  duration  (or  some  characteristic  time  duration  of 
tha  individual  impulse-signal),  but  now  also  of  the  repetition  rate  of  the  bursts  T,  given  by 

Delta  L  -  10  log  (((1  -  exp  (-tj/x  ))/((!  -  exp  (-T/  x  ))) 

These  dependences  are  Illustrated  in  Figs.  3.14  and  3.15. 

It  la  therefore  neoeaeary  to  specify  the  detector-reaponae  characteristics  of  the  sound  level  meter 
that  is  used  to  measure  aircraft  flyover  noise  levels.  ANNEX  16  specifies  a  "slow"  setting  of  SLMa 
(or  equivalent  awaaurlng  amplifiers)  in  all  cases.  This  is  not  wrong,  even  for  impulsive  type 
sounds,  as  long  as  it  la  underatood  that  the  levels  obtained  depend  strongly  on  the  particular  time 
constant  selected;'  naturally,  a  'slow '-reading  produces  lower  levels  than  if  a  'fast'  or  an 
'laqtulse' -reading  was  taken.  But  if  one  agrees  on  one  particular  setting,  then  all  aircraft  of  a 
certain  type  are  treated  equally. 

This  last  statement  la  not  entirely  true,  alnce  impulsive  type  sound  signatures  are  also  charaota- 
rlsed  by  their  eNM-faalar.  The  orest-faotor  is  the  ratio  of  the  peak  sound  level  *o  the  root- 
SMsa-aquare  valae  of  a  wave  during  a  given  period  of  tisw.  A  very  atsep  noodle-type  wave-form 


*  bkpei^tlal  -  averaatna  refers  to  the  fact  that  averaging  occurs  obntihuously,  i.e.  ia  up-datad 
all  the  urns,  in  ooniraet,  linear  avoragtna  rtf  era  to  averaging  during  a  preaet  tiam  interval 
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haa  a  htghar  craat 
factor  than  a  tlna- 
wava.  Tharaforot  car- 
tain  llMita  hava  baan 
•paoiriad  for  pract- 
aiMi-SLMa:  tha  arror 
muat  ba  within 
*/-  1  dB  far  a  craat 
factor  of  iO. 


An  instrumantation 
chain  muat  thorafora 
not  only  ba  callbrat- 
ad  for  Ita  fraquancy- 
raaponaa  and  tha 
acouatic  aanaltivlty, 
but  alao  for  ita  ra- 
apcnaa  charactarlatlca 

to  imputaiva  aound.  aapactally  If  haileoptar  nolaa  or  propallor-aircraft  nolaa  of  pradominantly  Impul- 
alva  nature  ia  axpactod.  Aecordingiyi  individual  tona  burata  at  aavaral  fraquanciaa  (a>g.  100  Ha, 
1000  Ha)  and  of  dlfforant  ttaaa-  duration  (a.f.  20  ma,  200  bm)  ahould  bo  applied  at  certain  repeti¬ 
tion  ratea  (a.g.  20  Ha,  SO  Ha,  100  Hi)  to  tha  ayatam  and  tha  reaponaa  characteristica  determined. 


Fig.  3.18  Reaponaa  of  rectifiar  to  tona  buret  of  varying  duration 


In  addition,  ana  might  want  to  chock  tha  meaeuraaiont  ayatam  for  its  reaponaa  towards  slngla-cycla 
tamo  btirato,  again  by  comparing  tha  input  atgaal  to  tha  final  signal  output  after  recording  and 
pmnaaaing.  Within  a  carafiil  study  |el  it  was  damonatratad  that  a  single  low-ftoquancy  (  a.g. 
to  Ha)  tama  burst  eoMlstlng  of  SSS.  siaa-wava  bacamaa  highly  diatartad  when  raeordad  on  a  diraet- 
raeard  tape  roeordar  (asa  also  Section  3.2.3  above).  No  su^  precaution  is  nscaaaary  whan  the 
FM-meda  is  used  or  it  only  apaetra  and  overall  lavals  are  required,  rather  than  tha  exact  wava- 
tbrma. 
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3.1.8  Date  A—hrato 

It  i*  good  practico  to  doetdo  alroady  In  tho  propnratory  phase  of  a  test  on  the  particular  analyeie 
instrumentation  to  be  used.  Several  aspects  must  be  considered:  If  a  Chapter  6  or  a  Chapter  10  teat 
ia  to  be  conducted,  the  "end-product"  is  the  maximum  overall  A-weighted  sound-pressure  level 
(acquired  with  the  instrument  detector  time  conetant  'slow').  This  value  can  be  readily  obtained  by 
means  of  an  appropriate  precision  sound  level  swter  (PSLM).  Since  these  Instruments  are  portable 
and  usually  provide  a  digital  read-out,  the  sMat  important  values  can  be  read  on-line  in  the  field. 
For  a  more  extensive  data  analysis  using  the  taped  information  in  the  laboratory,  such  a  precision 
sound  level  meter  can  also  be  used  there  and  no  further  equipment  is  required. 

Hie  lEC-Publlcatlon  681  deals  specifically  with  "Sound  Level  Meters"  snd  their  electro-acoustic 
characteristics,  lEC-Publlcatlon  179  with  "Precision  Sound  Level  Meters.  ANNEX  16,  in  specifying 
sensing,  recording  and  reproducing  equipment  refers  to  thsss  lEC  Publications. 

Although  not  presently  required  in  any  of  the  ANNEX  16  noise  certification  procedures,  one  of  the 
ICAO-CAEP  member-countries  certificates  ultralight-aeroplanes  in  terms  of  a  time-duration  corrected 
A-welghted  sound  level,  the  Sound  Exposure  Level,  SEL  (or  L^^  The  SEL  is  defined  as  the  con¬ 

stant  level  which  -  if  maintained  for  a  period  of  1  second  -  would  have  the  same  acoustic  energy 
as  the  (transisnt)  A-wsighted  measured  one-time  noise  event,  i.e. 

ISELS)  Lp_Ag  a  10log-^y  10  dt 

U 

Actually,  in  this  particular  noise  measure  the  time  duration  during  which  the  sound  was  within 
10  dB  of  its  maximum  value  la  accounted  for.  It  is  argued  that  alow  aircraft  with  a  correspond¬ 
ingly  long  "exposure  time  duration"  would  cause  more  annoyance,  than  fast  ones. 

An  SEL-meaaurament  can  in  principle  be  conducted  ever  any  time  span  (e.g.  over  a  number  of  fly¬ 
overs),  although  in  aircraft  noise  certification  only  the  single  event  is  taken  into  account. 
SEL-values  can  again  be  readily  obtained  (on-line  and  in  the  field)  by  means  of  (portable) 

intagratlag  preeiaioa  aoand  level  ■etsrs. 

If  however  a  Chapter  3,  Chapter  S  or  Chapter  8  noise  certification  test  is  to  be  conducted,  where 
the  "end-product"  is  the  EPNL,  then  data  must  be  recorded  for  later  processing  snd  no  on-line 
EPNL  readout  is  possible.  While  the  transient  flyover  event  with  respect  to  a  Chapter  6  or  Chap¬ 
ter  10  proe^urc  only  calls  for  one  (maximum)  sound  level,  the  computation  of  an  EPNL  requirea  the 
aoquisition  of  coBMplato  l/S-octave  band  spectra  every  1/2  second  during  a  time  period  where  the 
signal  is  within  and  below  10  dB  of  the  maximum  tone-corrected  perceived  noise  level,  i.e.  over  a 
time  period  that  may  extend  over  at  least  16  to  30  seconds.  An  appropriate  analyser  must  therefore 
be  capable  of  storing  snd  processing  continuously  and  in  real  time  the  transient  flyover  event  over 
a  sufficiently  long  time  period.  Hence  a  real  ttaw  analyser  is  necesssry;  of  course,  only  the 
recording  in  the  analyser's  memory  must  occur  in  real  time,  while  the  analysis  as  such  can  be 
performed  after  the  signal  has  been  recorded. 

There  are  two  kinds  of  (rapid)  real  time  analysers  producing  a  complete  spectrum  in  parallel  bands 
and  displaying  it  on  a  continuously  updated  screen:  the  digital  frequency  analyser  produces  1/3- 
octave  band  (or  l/l-octavs  band)  spectra  i.e.  spectra  with  constant  relative  (logarithmic)  band- 
widths,  while  the  PFT  narrow  band  spaotnim  analyser  produces  narrow-band  spectra  with  constant 
absolute  band-widths. 

As  stated  above,  for  purposes  of  a  Chapter  3,  6,  and  8  noise  certification,  a  suceeesion  of  1/3- 
octave  bands  is  required,  and  hence  the  spectral  resolution  of  1/3-cetaves  of  the  digital  frequency 
analyser  suffices.  If  however  a  SMre  sophisticated  and  perhaps  rather  more  complex  research  type 


tUght-nolM  iMUuratiMnt  program  la  undartakon,  whara  certain  dlacreta  fraquanoy  aoureaa  -  though 
of  tranaiant  nature  -  muat  be  Identified,  than  FIT  raal-tima  narrow  band  analyala  would  be  Indi- 
oatad. 

The  charactarlatlea  of  acme  of  the  above  data  analyala  inetrumanta  will  bo  briefly  daacrlbad  In  the 
following: 

(a)  Praelalon  Sound  Laval  Matara 

The  typical  precision  Sound  Laval  Mater  (such  as  the  D4K  type  3335)  used  in  the  field  as  the 
Indicator  Instrument  for  flyover  noise  events  has  a  larga  stapwlsa  adjustabla  dynamic  range;  this 
range  may  extend  from  34  dB  to  130  dB.  Also,  several  detector  time  constants  (sometimes  referred  to 
as  'tlme-walghtlng'),  specifically  'alow',  'fast*  and  'Impulse',  can  be  selected.  The  Instrument  has 
a  bullt-ln  frequency  weighting  natworh  (A-walghtlng)  and  la  capable  of  resolving  levels  to  within 
0.1  dB  (a  resolution  necessary  for  aircraft  noise  certification).  A  digital  display  and  a  maximum 
hold  provision  allows  a  direct  readout  of  the  maximum  flyover  noise  level.  Some  SLMs  can  be  used 
with  both  unpolarlsad  and  pra-polarlted  microphones,  since  they  are  equipped  with  an  Internal 
polarisation  voltage  source.  Usually,  the  mlcrophone-cartrldge/preamplifler-aasembly  can  be  removed 
from  the  SLM,  thus  allowing  use  of  an  extension  cable.  If  the  microphone  station  la  some  distance 
away.  The  output  from  the  Instrument  can  be  fed  Into  a  tape-recorder.  Several  types  of  BBK  SLMs 
are  shown  In  Fla.  3.16. 


Fig.  3.16  Several  types  of  Sound  Level  Meters  (BBK) 


(b)  Integtaiinx  Precision  Sound  Level  Meter 

If  a  'Sound  Exposure  Level'  (SEL)  la  desired  In  measuring  the  flyover  noise  (et  present  not  requir¬ 
ed  In  ANNEX  16,  as  stated  before)  then  a  precision  Integrating  Sound  Level  Meter  (18LM)  would  be 
needed.  An  inatrument  such  as  the  BBK  I8LM  type  8330  has  the  saaM  features  as  the  SLM  described 
under  (a)  above,  but  has  additional  internal  tiete  integration  capabilities,  which  allow  the 
measurement  and  display  of  the  unweighted  or  A-weightad  Sound  Exposure  Level, 
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(•)  HWlMriM  AWDUftW 

VhtU  b«Ui  tlw  BUI  ma4  IILM  eui  b*  UMd  In  th*  ft«td  for  root  tlM  dou  oequuittoii,  Uioy  eon  oloo 


bo  uood  in  tho  loborolory  to  anolyoo  tapod  doto  for  L 


'pA,oioa 


or  UL.  In  tho  laborotory  thoro  ara 


aoually  Maatirlag  aaipliflara  avatUblo  (aueh  aa  tho  BMC  typo  MIO  Ha.  3.17>.  Bueh  aMpllftor  alao 
haa  a  bMtlt«4a  A-watihUad  and  'alow'  and  'foot'  ttoM  oonatanta.  Uao  of  ouch  an  inatruMont  oMiy, 
howovor,  bo  an  "ovarltill'',  tinea  It  la  roally  a  vary  aephtatlcatad  laboratory  inatrunMnt  with 
ntaaaurawant  eapabtlitioa  wall  In  exeaoa  of  what  la  naeaaaary  for  alreraft  nolta  atudlaa. 


Fig.  a. 17  Maaaurtng  ampUfior.;  tlM  typa^  li^) 

(d>  Dlattat  Ftltorina  Baal  Ttaia  Fraouancy  Analyaar  (1/B-oetaaa  Band  Analaalal 

A  aultabla  laboratory-typo  tnatrumant  for  tranatop«|  n»d»ar  aolaa  data  roduetten  la  tha  digital 
flltarlHg  raal-ttaw  analyaar  (BTA>,  auch  aa  tho  BBK  typa'  Ua  tfta.  a.lB).  thia  partioular  analytar 

faaturaa  ta 
l/a-octavo 
band  channala 
from  1.6  Ha  to 
ao  kHa  allow¬ 
ing  both  11- 
naar  and  ax- 
p  'lantial 
Bvoraging 
and  an  Inter¬ 
nal  A-waight- 
Ing  natwork. 
Sueh  A-wolght- 
Ing  would  be 
of  apoeial 
Intaraat  only 
in  a  Chaptar- 
6  or  a  Chap- 
tar-10  type 
nMaaureniant. 


Bad  thaa  aaa^Mor  (BBK  typo  BIBS) 
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For  Um  IFNL-canpuUtlon  tho  "My-wot(hUn|''  of  tho  ■uecouWo  l/S-oetov*  opoMro  it  roquirod,  ot 
oulltnod  In  Appondu  A  to  thio  AQARDotroph.  Slnco  ovoroilng-ilioM  (both  llnoor  ond  •xpontntioO 
My  bo  frooly  aoloetod  botwoon  l/SS  ooeond  ond  IM  toeendo  (In  blnory  ttopa>.  o  (lyovor  may  bo 
oboorood  on  tho  dt^tlny-oeroon  In  root  tlmo  (In  tho  flotd  or  from  tho  topo  In  tho  laboratory)  at, 
any,  1/1  ooaond  tUaa  Intorvnls  to  obtain  a  fool  for  tho  opood  with  which  tho  apootra  chango.  Tho 
digitally  otorod  1/S-oetavo  apoetra  at  1/l-aoeond  tlmo  Intarvala  ean  alao  bo  tranaforrod  to  a 
ooopulor  lor  IPNL^molotilattono* 

A  typical  flyover  ean  produce  aa  many  aa  30  to  60  Individual  l/3^tavo  opactra.  A  whole  toot  with 
at  looat  6  taat  fllghta  and  aovoral  mterephonoa  will  thua  rooutro  tho  atorago  and  procoaBlng  of 
aavoral  hundred  Individual  1/S-cctavo  band  apoetra.  Aa  an  Intwtaodlato  atop  tho  data  can  bo  atorod 
on  a  dlgiul  eaaotto  rocerdor,  one  caaatto  of  which  could  oaally  hold  moro  than  1000  auch  apoetra. 


(0)  F,n  mxs. 


Anolyaaro  (Mortow^and  Analyata) 


Roal-tlmo  noRbw-band  oholyala  (a  oftoh  uaad  tn  flyover  nolao  atudtoa  to  obaarvo  rapidly  changing 
diaeroto  froQuahcy  ccdipoMiita  Ui  the  nolao  apootrum  while  tho  event  eeeura.  Again  linear  or  aspo> 
nontlal  avoro^ag  can  bo  amployod  to  obtain  (or  dtaplay  on  the  acroon)  tho  inatantananua  apac- 

trum  over  abort  or  long  tlam-apana 
within  tho  (lyovor  event.  An  appro~ 
prlata  Inatrumont  for  thia  purpoao 
would  bo  the  BAK  typo  3033  'Faat 
Fourier  TranafOrm  Narrow-band  Real 
Time  Spectrum  Analyaar  (Fla.  3.19) 
which  provldaa  a  reaolutton  of  400 
llnoa  In  diffaront  froquancy-rangoa 
(from  0  to  10  Ha,  up  to  0  to 
30.000  Ha).  In  thla  raao  tho  band¬ 
width  corroaponda  to  tho  ratio  of 
tho  upper  frequency  limit  and  tho 
reaolution  (a.g.  for  a  frequency 
range  of  0  to  1600  Ha  tho  conatant 
abaoluta  analyala  band-width  would 
bo  4  Ha).  Such  an  inatruawnt  la  not 
roquirad  for  nolao  eortlfleation  but 
la  often  uaod  tn  baalc  aoroacouattc 
atudtoa. 
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Fig.  3.19 


FFT  narrowband  reel  tiaw  apeetrum  analyaar 
(BAK  type  1033) 


(0  FFT  Spectrum  and  Wavofom  Analvaera 

In  Bwat  certification  tecta  (aadf  natae  reeoareh  In  gaaarel)  real-time  analyata  la  not  required.  For 
off-line  daU  reduction  an  'FFT-Bpactrum  and  Wsveferm  Annlyaer*  la  than  a  very  voraatlla  inatru- 
awnt.  Appropriate  analyaera  are  the  NICOtRT  aMdel  446B,  the  BOLARTBOM  1300  Signal  Preceaaer,  the 
IWATgU  tleetric  Co.  8H-S100  Signal  Analyaar,  or  the  HP-SSBIA  (Fin.  3.30).  Theao  Inatrumanta  are 
Ideal  for  the  analyala  of  eteady-etato  (atatlonary)  acund  eventa  aa  they  occur  In  nolao  tooting  of 
aetcplanea  on  the  greiund.  In  nelaa  atudioa  with  wing-aMunted  mlcrophenea  in  flight  or  tn  aoro- 
aecuattc  wind-tunnel  atudtae.  Thaee  aralyaore  can  alee  be  uaad  to  analyae  tranatent  nolao  In  the 
time  damain,  where  they  ean  rapreduce  tho  wave-fcni  of  the  nolao  over  pradatormlnad  Um  Inere- 
minu  (ftem  a  few  mll|laangAda^tBa  a  jfide  tNquaaay  rangp  to  aovoral  rntnutee  tn  a  vary  narrow  fre- 
quaney  range).  WavoBipjia  jaiy  - ^d^. and  aubaequantty  apeetral^  analyaad  la  1/B>«caave  (or  l/l- 
octamal  baade  or  In  aairrew  'b1iikfc’""i^'  a  reeeiatlen  that  agata^dapenda  op  the  aoloMad  frequency 
range. 

Theaa  Inatrumanta  often  com  in  dual-channel  veralono,  allowing  the  almultanaeua  dtaplay  of  two 
eventa  on  the  aerean.  A  typical  Inatrumont  might  have  a  frequency  range  from  0  to  30.000  Ha,  while 
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Fig  3.20  Waveform  Analyser  (Hewlett  Packard  Model  3S62A) 


another  one  might  cover  a  range  up  to  100.000  ds,  with  resolutions  of  typically  400  lines  starting 
at  a  range  frM>i  0  to  1  Hz  up  to  0  to  100.000  Hz,  with  stops  In  between.  Thus  an  optimum  range  for 
the  purpose  at  hand  can  be  selectad. 

(g)  Plotters 


To  obtain  a  hard  copy  of  spectra  or  wave  forms,  as  analysed  and  displayed  by  means  of  the  above 
discussed  analysers,  XY-plrtters  can  be  used  which  provide  annotated  graphic  plots  of  frequency 
spectra  and/or  time  functions.  Such  plotters  generate  one  plot  of  given  x-  and  y-extent,  such  as 
individual  spec'ra  within  a  predetermined  frequency  rangn  or  a  waveform  within  a  predetermined 
time  span.  There  are  many  makes  of  XY-plotters  available,  which  differ  in  handling  convenience, 
plotting  speed  and  resolution.  Plotters,  such  as  the  B&K  type  2303  (Fig.  3.21)  and  type  2319,  or 
the  HP-7SS0A  are  high  quality  laboratory  type  instruments. 


Elr'ri 


Fig.  3.21  XY-Plotter  (BtK  type  2308) 
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To  tropt|te«Uy  monitor  flyovor  timo  hlatorioo,  lueh  ••  tho  tino-dopondonco  of  tho  A-woighud  noli* 
Uvol  of  on  ovorf tying  ntrernft,  oontlnuoualy  oporating  graphic  laval  raoordar  art  more  uaaful  than 
xy-ptottara.  They  produM  pontlnuoua  time  hlatortea  on.  a  paperi!«ell.  ’^ey^-iwuaUy  featuc*  omhange- 
able  dynaaite  range  v^tantiometem  flO  dB  to  TS  dh)  end'  ’ijj^elrtev^Wttiwf^vend'  pe^:;' Al¬ 
though  theae  ^npNid  level  reeardera  ean  aiee  Im  utajjagd  JVoollNi  In  oonjuiid^dh  with 

apeelal  >fret^ncir  ehnlywa  thia  la  rarely  dene  ec  xy>>pt«tlnre  er*  ,  fhetey  and  etede  tmivenlent  to 
handle. 


».a.e  igHtaaBwit  iriai^  ""  .  ‘  \ 

Selection  of  the  apiWeprlata 'data  aequlaltlon  equipaient  depends  eh ''iha  tiat  to:  he  eondueted  and  la 
largely  determined  by  the  nuniber  and  location  of  the  mlMdlthenei"  ^thl  respact  to  the  central  mea¬ 
suring  station.  As  outlined  earlier,  the  simplest  notaa  ceKlflcatlon  taste  (from  the  view  point  of 
equipment  and  data  analysis)  are  those  required  in  ICAO  ANNEX  16/Chapter  6  and  Chapter  10,  i.e. 
those  relating  to  light  propeller-driven  aeroplanes.  In  both  caass  only .  oas  mlcropohone  Is  needed, 
and  -  In  principle  (though  probably  never  In  actuality)  -  a,  simple  visual  reading  from  a  precision 
sound  level  meter,  set  at  A-welghting  and  detector  speed  "slow"  would  suffice. 

A  basic  setup  for  a  Chapter  3  (heavy  propeller  aeroplane  and  subsonic  jet  aircraft)  or  a  Chapter  8 
(helicopter)  certification  test  would  require  between  3  and  8  microphones.  In  this  case  eithar  a 
number  of  autonomous  measurement  stations  (with  one  tape-recorder  each)  or  a  central  multi-channel 
tape-recorder  would  be  used.  The  system  is  calibrated  by  means  of  a  pink-noise  generator  in  addi¬ 
tion  to  pistonphone  calibration.  Signals  are  then  fed  via  individual  preamplifiers  to  a  multi¬ 
channel  signal  conditioner  (amplification  and  filtering),  followed  by  a  multi-channel  tape-recorder 
which  Is  connected  to  a  multi-channel  after-recording  monitor.  The  signal  conditioner  is  conveni¬ 
ently  connected  to  a  gain-setting  printer  (where  the  individual  gains  of  all  amplifiers  are  printed 
out,  since  it  is  Impractical  to  write  these  down  by  hand  durirxg  thw  test). 


One  track  on  each  tape-recorder  must  be  used  to  record  a  time  code,  obtained  from  a  master  time- 
code  generator.  This  helps  to  synchronise  the  flyover-noise  time  histories  with  the  signals  from  the 
tracking  system  (such  as  a  camera  shutter  Impulse). 


All  such  equipment  would  normally  be  Installed  in  a  control  van  or  container,  where  it  can  be 
checked  and  calibrated  prior  to  the  actual  test.  It  Is  cumbersome  if  the  equipment  is  pretested  in 
the  laboratory,  then  dismantled  and  put  together  again  at  the  test  site,  requiring  a  new  cnllbra- 
tion  and  check.  In  sophisticated  noise  certification  test  programs  a  well  equipped  control  van  or 
mobile  measurement  container  should  be  used,  since  all  the  logistics  for  the  non-acoustic  equipment 
relating  to  tracking  and  atmospheric  data  acquisition  must  also  be  provided.  (See  Section  3.3 
below). 


3.3  Other  Test  Iqulpamnt 
3.3.1  Aircraft  Tradtlmi  Iwatru— ntatiwt 

In  the  process  of  noise  certification  tooting,  tha  tsst-alroraft  must  be  accurately  tracked.  Precise 
information  on  the  trajaetory  in  tanas  of  flight  path  and  flight  speed  is  necessary  for  correcting 
measursd  noise  data  towan^  reference  conditions.  Thrse  parametsra.  In  particular,  are  affected  by 
deviations  of  the  actual  fillet  trajectory  from  reference: 

o  spherical  attenuation  (attenuation  for  geometric  distance  following  the  l/r'-law), 

0  atmospheric  attenuation  (humidity  and  temparaturs  dspdnflont  sound  absoftitlon,  ex¬ 
pressed  in  terms  of  level-decrease  per  unit  of  distance),  and 
0  sound  exposure  time  ("lO-dB-down  time"). 
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ContlnuotMly'  trMklng  m  itlreraft  ta  net  ntcaatary  for  a  Chaptar^  or  a  Chaptar-10  nolta  eartlftea- 
Uoit  taat.  Haro  only  tho  haight  above  tho  mlorophono  la  of  Intaraat.  In  tbat  caaa,  datarmlnatton  of 
ona  point  in  the  irajeotory  -  preferably  dlractly  overhead  tha  ihoaauring  microphone  autftcaa.  But 
even  for  the  relatively  aimple  Chapter-8  taat  preoaduraa  it  would  atill  be  more  daalrable  to  aaeer- 
tain  that  the  aircraft  followt  a  level-flight  path,  not  unintentionally  climbing  or  deieendlng.  Deter¬ 
mination  of  at  laaat  2  potnta  of  the  trajectory,  e.g.  one  or  two  aeeonda  before  and  after  the  micro¬ 
phone  waa  overflown  would  be  uaeful  to  obtain  an  indication  of  tha  actual  flight  path. 

For  all  other  noiae  certification  procedures,  where  both  centerline  and  aldeline  -  aeouatlc  data  muat 
bn  meaaured  and  -  more  importantly  still  -  where  the  noise  level  must  be  established  in  terms  of 
an  EPNL  (i.e.  Chapters  3,  S,  and  8)  tracking  should  be  continuous  -  or  at  least  a  large  number  of 
positions  in  the  trajectory  must  be  measured. 

Trajectory  measurements  are  usually  mads  witth  ground  based  equipment.  Sometimes  onboard  systems 
(such  as  Inertial  platforms  or  aircraft  mounted  cameras)  are  better  suited  for  the  purpose.  As  far 
as  ground  based  equipment  is  cWicerned  some  test  ranges  near  airports  have,  sometimes  extensive, 
permanently  installed  equipment.  Most  trajectory  measurements  are  however  made  with  mobile  equip¬ 
ment  since  noise  certification  msaaurementa  are  often  executed  at  or  near  rather  ill-equipped 
landing  strips.  Employment  of  mobile  and  ground  based  equipment  generally  requires  good  advance 
planning,  especially,  if  time  synchronisation  with  onboard  equipment  and  with  several  ground  acou¬ 
stic  data  stations  is  lo  be  maintained. 

Depending  on  the  particular  flight-test  procedure  and  on  the  degree  of  accuracy  required,  one  may 
select  one  of  the  following  tracking  methods: 

Optical  Tracktna/Ground  based  Systems; 
o  single  camera 
o  several  cameras 
c  klnetheodolits 
0  laser 

Optical  Track  ing/On-board  Systems; 
o  forward/side-looklng  camera 

Radio/Kadar  Tracking; 
o  radar 

o  microwave  airplane  positioning  system  (MAPS) 
o  radio  altimeter 
o  Mini  Ranger 

An  excellent  survey  on  flight  tracking  methods  is  provided  in  1 7,  8| . 

The  advantages  and  disadvantages  of  these  various  height-measuring  and  flight  trajectory  tracking 
methods  will  be  discussed  In  the  following. 

(a)  Optical  Tracking  /  Ground-based  Systems 

Single  camera 

Aircraft  haight  and  lateral  deviation  from  the  vertical  can  be  determined  with  only  one  camera.  The 
optical  axis  of  the  camera  must  then  be  very  accurately  adjusted  in  the  vertical.  This  is  achieved 
by  means  of  an  Inclinometer,  laid  directly  on  the  camera-lens  rim  or  by  soow  appropriate  bubble- 
level.  Preferably  the  camera  should  be  equipped  with  a  Polaroid  back-plate  to  allow  immediate 
picture  development  in  the  field  within  a  time  span  of  about  one  minute. 


Iililllaii  Ilf  Itw  tfpmiirlitii  foMl  Uncth  of  tho  eoaon  lano  dopondo  on  tho  (Utonl)  dtMMlono<  of 

of  tho  olrcMft  to  bo  vMd  for  dUtoMo  dotonnlMtton  (o.g.  oonpUno 
or  holteopiflr  okldo),  OR  tho  typteo^  holghi  rmngo  and  tto  proforrod  imago  otio  within  tho 
nifihiT  ttoM  of  Iho  plalttro;frOM«  It  would  not  Ito  aonalbla  to  lot  tho  wing-opon  fill  ontiroly  tho 
Uliodi  plRnl  if  tho  fltoiii  firm  ‘Tnngf  wou^d  provida  for  tho  moat  oocunoto  diaaRalon-rand- 
tRt)>  boMwah  M  ’Oiid^  aoi  «t  tMot.  Thio  would  allow  for  tioma  lotoral  trajoetory  do* 

viatioao  and  would  alao  Ronnit  tha  approadilng  aircraft  to  appoar  in  tho  viowfindoT  in  tiow  for  the 
oporator  to  raaet  and  puah  tho  button,  for  a  3S  rub  olido  eamara,  for  oxampla,  cortoin  foeol 
longtho  of  loaaao  ooccoapond  to  tho  following  approaiaato  fioldo  of  vlow: 


IML  JMi  0  M  dogrooa,  MO.  nai  • -f  dagroaoi  iOO.  «m  a  a.s  dograoB. 


Tho  axpooura  time  should 
bo  aa  short  as  foasabls 

within  tho  provsiling  light 
conditions,  sines  an  air¬ 
craft  ovarhaad  may  fly  an 
approclablo  dtstanoo  during 
tho  exposure  time.  An  air¬ 
craft  moving  along  its 
Isvsl  trojsetory  at  a  speed 
of  e.g.  TS  m/s  would  fly 
0.T5  m  during  an  exposure 
tlsM  of  1/100  s.  That  may 
be  tolerable,  since  the 
blurring  would  occur  In 
tho  longitudinal  dimension, 
while  the  lateral  dimen¬ 
sions  used  for  the  reading 
would  not  be  much  affect¬ 
ed. 


The  camera  with  its  lens 
in  place  can  be  calibrated 
in  situ  by  photographing 
objects  on  the  ground  at 
appropriate  distances.  If 
that  is  not  possible,  the 
height  H  of  the  aircraft 
above  the  camera-lens  can 
be  calculated  by  means  of 
the  following  equation: 

H  ■  f  (S/S'), 


where  f  is  the  lens  focal  length,  8  is  the  lateral  dimension  of  ths  structural  component  selected  for 
the  purpose  and  S'  is  the  disranslon  of  the  particular  component  as  it  appears  on  the  film-negative. 

A  typical  result  for  a  propeller  aeroplane  in  flyover  (obtained  in  a  Ohapter-6  noise  certification 
tests)  ‘  to  ^ahown  in  8. a  .  Two  eases  are  illustrated:  one,  where  the  aircraft  was  wall  within 

the  reforanco  flight-path  and  height,  and  another  one,  where  it  waa  too  low  and  off  to  the  side. 
ThO'  achlavablo  accuracy  by  mssna  of  this  method  is  not  vary  high,  but  generally  sufficient  for 
noise  certlfloatton  purposes,  where  an  error  of  several  meters  in  300  m  would  lead  to  only  a  frac¬ 
tional  dsciBal-arror. 


«s 


Stvral  e»— rti 

If  a  l«v«l  flyovu-  HHict  b*  at  laait  two  ground-atationary  oaaMirat  should  bo  uood.  Two 

eansras  would  alao  allow  to  datsnnlna  tha  ground  spood  (providod  tho  aircraft  wat  not  accoloratlng 
or  docalaratlng,  in  which  eaao  thrao  eamorat  positioned  directly  under  tho  flight-trajectory  would 
bo  a  aUniauM  roqulrooMnt).  The  camera  eaposuro  ellek  should  be  monitored  on  the  aaaw  tape- 
rocorder  whore  tha  acouetic  flyovar  event  is  recorded.  Calibration  of  a  possible  time-delay  between 
the  ehuttsr-oparatlon  and  the  actual  taking  of  the  picture  may  be  necessary.  In  some  cameras  there 
la  an  apprselabla  delay  between  "preaslng  the  but^" '  and  "taking  the  picture",  in  the  order  of 
perhaps  1/4  second.  Within  that  time  span,  the  at|eraft  may  have  already  flown  several  tana  of 
meters.  When  determining  a  ground  speed,  both  tha  lateral  and  the  longitudinal  davlation  of  the 
aircraft  at  the  tlam  the  picture  was  taken  (and  ths^posuya  click  recorded)  mti^  be  accounted  for. 
The  principle  of  determining  height  and  ground  spebd  is  illustrated  in  Pig.  3.28^ 

In  casas  where  more  accu¬ 
rate  tracking  is  required, 
tha  number  of  cameras 
should  be  increased  (up  to 
a.g.  5),  However,  each 
camera  station  must  be 
manned  and  if  a  number  of 
autonomous  acoustic  nwa- 
surement  stations  are  also 
required,  tha  test  crew 
becomes  substantial.  In 
such  cases  it  is  preferable 
to  employ  more  sophisti¬ 
cated  tracking  equipment, 
as  discussed  below. 


Instead  of  accurately  ad¬ 
justing  the  cameras  for 
varticality  on  a  tripod, 
one  auy  aavloy  a  "photo 
ovsihoad  poalttanlng  aystem 
(POP-aystem)".  Such  a  sys¬ 
tem  was  utiliaad  in  a 
recent  hallceptar  noise 
BMasuresMnt  campaign  by 
the  US-PAA  Ibt.  Each 

of  tho  several  systems  cenalsts  of  two  wires,  parallel  to  tha  ground  and  in  a  vertical  plane  ortho¬ 
gonal  to  the  flight  path  (Pin.  8.84).  The  photographar,  lying  beneath  the  POP  InitlUly  poaitiona 
the  (hand-hold I )  caoMrai-  to  eatoialdo.4d^  the  vortical  plane  of  the  two  guide-wires.  He  then  tracks 
the .  approaching  aircraft  to  trip  ^  shutter  at  the  Instant  whan  the  aircraft  creases  the  super- 
impoaad  wires.  In  this  pii^idttlw  tost  a  alide.;iHiii  waa  usadi  by  projseUiii  tho  slidas  on  a  aereen, 
a  relatively  high  degraa  of  aed^rady  in  ^  ardor  of  Sk  waa  adilajrod  (oonsidartng  the  vary  simple 
and  certainly  elegant  afpitHpi^K. 

Klnetheodolitas 

Kinathaedelttas  (on  sturdy  support  struoturest)  provide  photographic  pictures  of  the  flight  vehicle 
la  rapid  aucoeasloa.  Tho  aircraft  is  visually  followsd  through  a  high  quality  flndor-scopa.  Asimuth 
and  elevation  of  the  optical  axis  of  the  theodolite  -  oamera/telescope  appears  directly  on  the  frsme 
each  tlaw  a  picture  is  taken.  Each  film  frame  shews  the  displaesaMnt  of  the  target  from  the  optical 
Ufa.  A  platuro  swy  be  automatically  obtained  at  intervals  of  one  or  two  ssoends.  The  achievable 


Fig.  3.33  Principle  of  haMt/lataral4oagttudlnal.  davlation  and 

overground  speed  date|mlnation  by  means  of  3  vertical¬ 
ly  orientated  Ognteraa  . 


M 


Fig.  3.34  Photo  ovorhaod  pooitioiitng  (“POP")  aystom 


accuracy  acroaa  tha  lino  of  alght  of  a  typical  Kinathaodolita  (auch  aa  the  ASKANIA  Kinetheodolite  61 
t«  Fla.  3.35)  for  a  typical  aeroplane  flsrby  at  500  n  citatanaa  would  be  in  the  order  of  0.3  metera. 
Such  an  accuracy  la  aiore  than  aufflclent  for  the  piirpoao.  AloPi  the  line  of  alght,  however,  the 
accuracy  ia  inherently  wore  limited,  aapae'ally,  if  the  aeroplane  la  followed  at  aome  low  slant 
angle,  where  the  relative'  imace  aiae  varteayapldly 


Pig.  3.30  ASCANIA  KinetheodoliU  61  t 


It  la  better  therefore 
to  employ  two  kine- 
theodolltea,  one  on 
each  aide  of  the 
flight  path  (aome  SOO 
to  1000  m  away  from 
the  track).  Then  the 
oroaalng  of  the  two 
linea-of-aight  allowa 
vary  accurate  track¬ 
ing,  within  approxi¬ 
mately  1  m  abaolute. 
iit.  3.36  ahowa  tha 
gaometrlea  Involved 
in  a  two-kinetheo- 
dollte  trajectory 

meaaurement.  It  la 
clear  that  tha  klna- 
theodolita  tracking 
data  muat  be  exactly 
aynchroniaed  with  tha 
acouatlc  evanta,  l.a. 
both  kinetheodolite 


Itk  - 
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Fig.  3.36 


MaaaurwMnt  gaoowtry  In  flight  tracking  by  maana  of  3 
Kinathoodolltaa  (from  Raf.  7) 


v,,v$v.j.j^;4Miutii:''«nltlaiv'-^ 

trajadlarttd 
1,  f.^Plowii  during  noIgn.Ncttfl- 
«»Um  tants.  am  **!*(»■ 
diaanatannl"  (t.««'  tiiay 
11a  ^^thln  ev  vMtlnl 
pUuw}* 

During  a  ganuina  taka-off  or  landing  approach  flight  taat.  tor  awaaipla,  tha  altarafi  fallaua  tha 
runway  cantar  lino  and  only  haight  information  in  a  vortical  plana  through  that  eantarltna  la  of 
tntaraat,  aaauaing  that  tha  aircraft  la  alwaya  diractly  abova  tha  cantar  lino  track.  A  ainglo  kina- 
thaodolita.  poaitionad  naar  tha  middla  of.  and  aufflciantly  far  away  from,  tha  trajaetory  to  ba  maa- 
aurad.  would  than  kaap  tha  taat  aircraft  in  aight,  without  avan  moving  tha  optical  axia  in  tha  vor¬ 
tical ,  pnividad  tha  ranga  of  alavation  waa  amall.  Tharo  arc  apaclal  klnethaodolltaa  that  allow  only 
a  ''loft/rlght"-motlan.  For  auch  ayatama  tha  poat-taat  procoaalng  affort  naturally  will  bo  muck  laaa 
than  if,  any.  two  kinathoodolltaa  with  froa  movanMnta  about  two  axaa  warn  uaad. 


KlnathoodolAto-maaauramanta  ara  attU  conaidorad  to  ba  tha  moat  roliabla  maana  for  cloaa  ranga  track¬ 
ing  of  aircraft.  Bxpariancud  oporatora  arc  raqulrad,  howavor,  to  follow  tha  aircraft  viaually.  Data 
proeaaaing  la  vary  laborloua  and  tlma  oonauming.  ainco  all  films  havs  to  ba  devaiopad  and  manual¬ 
ly  maasurod  framo  by  frama.  Klna- 
thoodolltaa  are  vary  useful  for 
measuring  trajectories  whore  spaed 
and  acceleration  of  the  aircraft 
must  be  determined.  For  noise  mea¬ 
surements,  where  these  are  less 
important,  single-picture  cameras 
often  suffice. 


Laser  Trscklna  Equipment 

Optical  rays  in  the  infrared  are 
used  in  Isser-traeking  equipment. 
Here,  short  duration  bursts  of  la- 
sar  energy  from  a  laser  transmitter 
(Fti.  3.37)  ara  pointed  towards  the 
target  which  must  ba  equipped  with 
a  rat'o-raflactor  (cat-aya-prlncipla, 
Fta.3.88)  to  sand  tha  signal  back 
towards  a  racaivlng  talescopa, 
whose  output  is  dlroctad  to  a  4- 
quadrant  photo-datactor.  Whan  tha 
talescopa  axis  is  pointed  prsolaaly 
at  the  targat,  all  quadranta  recei¬ 
ve  an  equal  portion  of  tha  target- 


transmlttar/racaivar 


M 


Mtpuu  m«  Aqu*!.  An  npttoid  nutamatlc  (atn  control  awlnUlna  eon- 
•liMt  Mifiiif*  ct<BeAl.;ntgM>  tot^^nt  tho  dolnetor  and  Mjir  dwIaUena  arc  autcaattoally  adJuaUd  in 
erdag  to  lw»;  «■  rtit  taqiit  Iwna.  . 


To  InttlaM  tracking,  tlw  aircraft  la  flrat 
« 

ytaually  tallowfd  by  a  talavialon  eanara 
attacM.  to  laaar  tranaailttar:  onca  tho 
4aaag  fMta  on  thi  targat'a  ratr»>ranoetcr, 
tradclng  baccnaa  autCnatle.  KlaVatlon  and 
aataiuth  arc  dotanblnad  dlraotly  Itcn  awnl- 
torlng  in  two  axaa  tha  pcaition  of  tha  tola- 
aecpaa,  whila  range  la  datanatnad  fron  tho 
tlBM-lntarval  batwean  tranamittad  and  ra- 
ootvod  optical  pulaa.  Data  «uat  again  ba 
procaaaad  by  a  cemputar  ay  atom,  to  provide 
tha  tlBa-varylng  ooordlnataa  In  tabulatad  or 
graphical  form. 

Laaan  have  only  raoontly  boon  introduced 
for  aircraft  tracking.  Although  tha  aystam 
la  technically  rather  Involved,  It  la  vary 


Pig.  3,M 


Ratro-raflactor  attached  to  undar- 
atda  of  aircraft 


convanlant  to  operate  by  one  alngla  angi- 
naar.  It  alao  provldaa  on-line  data  pro- 
caaalng,  a  treawndoua  advantage  varaua  tha  KTM  or  tha  photographic  eamara-approach.  It  werka  fOr 
haighta  vary  cloaa  to  tha  ground  (within  a  few  aietara).  In  oentraat  to  tha  radar-tracking  ayatan 
(aaa  paragraph  e  bolow),  where  tha  conical  radiation  beam  of  tha  radar  pracludaa  OMaauraaMnta 
much  below  aavaral  tana  of  matara  from  tho  ground.  Safety  conaiderationa  muat  ba  obaarvad,  how- 
avar,  alnoe  aocM  laaar  baama  are  haaardoua  to  the  eye.  Including  the  eye  of  the  pilot  towarda 
whooa  aircraft  tha  laaar  beam  la  dlraetadl 


The  Sooieta  Anonyam  da  Telecommunication  has  recently  developed  an  Infrared  Trajectography 
System,  named  the  "MINILIIl''-6ystem.  This  aystaci  la  capable  of  real  time  automatic  tracking  of  a 
moving  target  fitted  with  an  Infrared  source  1 10| . 

(b)  Optical  Tracklna  /  On-board  Systems 

Porward/downward  loeklna  Caawra 

Porward  and  downward  looking  camera  ayatasM  tnatallad  la  tha  aircraft  are  capable  of  achieving 
extremely  high  accuracies  depending  on  the  test  cendltioais.  Ac^ati^  aurvayad  ground  targets  are 
required,  however.  Of  thsM,  3  or  4  muat  be  vtaibla  in  each  Nto  fraipa  baferc  tha  camera  pealtlon 
(and  thus  the  aircraft  position)  can  be  oqiaputad.  SephlatlcaSiM  calttidtlcm  readtiig  and  corraettve 
techniques  are  necessary,  however,  to  obtain  accurate  data.;  Maalhar  and  ambient  lighting  often 
hinder  tasting.  Data  prjoaaalng  and  analysis  are  alow  and  wijUtlng  time  la  costly,  particularly  If 
data  turns  out  to  be  unsatisfactory. 

Por  a  *Chaplar-S''  approach  nolao  certification  teat  tha  Pokkar  Caad>any  has  auodasatkttly  amplegad 
an  'Automated  Landing  Plight  Path  Measurlt^  Systsait,  tcaamd  tSLAND".  Hera,  poatttoa  and  valoCity 
data  during  atitomatad  approach/landlng  arlite  abtaiaod.  This  aubsyatam  haa  baOn  petmit^ly 
used  to  chadi  tha  parformanea  of  tha  Pokjjlir-  !B)(>,.'t||iwa!(ijtt--autamatad  landing  ayrtailt  W;  ttw  hKctioa 
as  audi  la  parfonnad  by  a  combination  jttyghatigi'aiimiatyy  and  Inertial  aenslngt  ..A  noaa  meuntad 
cainera  takas  apptcxlawtaly  S  pleturos  par  aacond  of  tha  runway  (lights)  during  tha  last  phase  of 
tha  approa^  and  landing.  The  output  of  tho  flight  'inertial  navigation  system'  (INS),  of  a  radio 
altinwtml  and  of  a  praasurs  altlawter  encoder  are  recorded  In  tha  digital  Instruamntatlan  recorder 
lUli 


llAir  « ,  tiw  ttUi  !■  u4  M  «•«*  iMitftag  ik|VN«iMMy  I  pMiwM  u*  UMd  «• 

toMUM  Mt*  «ttttud»  at  tilt  atnnft.  IhMt  4ate  Matibtr  wllh  aUltMtla  ia«tr>> 
Ji— »M*»b  itUlpMr,,a»4  tjit  »ra«^a^^<r^ltt^ta>^wlt^<t^  U  utta  to  updatt  tho  iUflht  UW» 
1%  oat  ilift.  tka  I****!  oooHtMtat  warj  tittaUlakad  with  aa  mmtrmea  of  10  ■  at  I  Im 

kfiiM  nw^  -  MwiaMOi  roriaatap  to  0.0  a  la  a>  aad  0.0  a  In  y-  and  a  tiiadtatlia  darlai 
tpacit  doMO  aad  nd).  oM. 


OlWMaO  OaaaO  radan  aauaUy  praalOa  atatakat  loaa  aeaumy  than  klaathaodatltaa,  but  tbalr  «par> 
aMpa.. .and  data  pratattiaa  it  tally  aatoaatad..  A  traaaalttlng/taotlvlng  aatanaa  at  uaod  by  DLR  llOl 
^  fdafwa  la  Ma.  l.M.  Tbt  alOBttoaacnatjA  pulat  tpattad  by  tha  radar  traaaatttar  la  roQoetad 
dlrjatlo  lirpi  tha  alrarafl  batk  to  tba  rtoalalac  aattaaa.  Otaatlait  a  apaetali  traaapandar  an  tha 
taat-alraraft  la  uatd  to  ranaet  tbt  appinprlataly  aaplinad  aicnal  (probably  at  a  dlffaroat  but 
kaoam  fraqutaey)  back  to  tha  ground  atattoa.  Tlia  prteary  radar  ayatauM  in  an  fAA  taat  uaad  a  0.1 
glgaHarta-alona).  dyatoM  aia  avallabla  up  to  30  gite  (*  1  oai  wavaloagth).  In  oparatlaa  tha  ayataai 
■aaaaroa  tha  tlito  bttaoon  pulao  aalaolon  aad  iptlootad  algnal  ratura  with  an  aoeuraey  In  tha  ardar 
of  ataaral  nam  oaaanda;  thU  traaalatoa  Iwlo  a  alant  diatanca  wnaartalnty  at  appraalauitaly  1  a.  It 
abould  bo  uadtrotoad  that  tho  ra^traaandttod  traouoaoy  towarda  tha  graund  atatlan  will  hava 
uadargano  a  Dapploi-ohlft  on  account  of  tho  aMtlon  at  tho  abjoct  to  bo  followod. 


n 


1»  pnMUM,  OHM  Mo  hM  dlrooMd  Mo  mmam  oyoMo  airil  Mo  font*  mtvo  oyoto*  litotM 

Mo  "iMVio  Boqutotttaii  wlwlow"^  Mo  rodor  eon  owttoh  inW  on  ouMuMd  trooktat  mM.  It  Mon 
doWmliMt^  M*  mMM  of  Mo  toitok^oUreroft  in  MfM  of  ronto,  olovollon  onS  'UUoufh.’  Oou  oiro 
OMMcood  M  Coitooiw  ooordMoMo  ky  «mm  of  o  MavMor  ofotoni  In  «rMr  to  yiOM  Mo  ntioti^ 
^tMtoi  tntowionon  4n  Mni  of  tobulotod  or  plouod  dote.  Only  mm  troekinf  fodor  U  noMOOory. 
oineo  It  Moourot  nil  S  eoordtnatoa  of  o  urgot  ounultonoouily,  o  diuinet  odvontogo  vo  Mo  uto  of 
n  RTH. 


The  Booing  Cnnnirclol  Alrplono  Co*pony  rooontly  Introducod  tholr  "Mlerowovo  Alrplono  Positioning 
Syottm  (IMPa)"  for  notM  osttlfteotlon  tooting  of  W  end  TBt  subaonlo  Jot  asraplanot  |U,  14|.  The 
•9*^  <fld.  B.M)  MOaurM  mnga  and  tango  rato  ftooi  aarotal  ground  tranapondara  to  an  atrplana 
and  oaavutos  Mo  altplano  M*ltlon  uaing  a  RALMMI  flltar  algorithm  (aaaanUally  a  "loast  aqaaro 
amOr"-  algortMai).  Tho  auplkno  position  toiatlaa  to  a  flaod  oarth  coordinato  ayatam  ta  availablo 
tor  rooorMng  and  tor  ooekpit  dlaplay  aovoral  tlSMa  pwr  osoond. 


In  Mo  Booing  approach,  a  nuaMor  of  mlerowavo  tranooiittor/rocolvor  (T/R)  units  aro  loeatod  at  aur- 
ooyod  oaordinaloa  in  a  roapoetlvoly  opttanna  ground  pattam.  Airbomo  oquipaant  ineludoa  an  "inter- 
■^•tor",  a  digital  proeOaaor,  data  storago  uniu,  pilot  guldaneo  Indieatora  and  a  quick-look  ongi- 
noaring  atatton.  In  nporatton  tho  airborna  ayatam  Intorrogatoa  oaM  ground  T/R-unlt  in  aortal 
faahlon  and  oonputoa  slant  range  and  range  rato  from  the  rosponaa.  lha  computar  porforma  poattlon 
calculations  in  real  tlam.  Data  art  used  to  drive  panel  inatruawnta  which  allow  the  pilot  to  follow 
a  apocifle  flti^t  proCllo. 


Fig.  '.>!jj;an.toWi)iar  tnynut  tor  merowavo  Airplane  PoalUealag  Byetam  (from  Bet.  13) 


“”*•  'SWWil- :j>oei<|anitgl  ayatom  a«  uaod  by  Mj  Pokker  tlgtoMtif  M"<mrtift- 

***‘^  **“  to  .Me  Baolag  MAPt.  Han  watom'ttoa  daealepad  in 

^  ^  «fela»H  W-boaioir  (OBP) 

’0^^  IM  atMfsM  had  ^  boon 

uaod  during  oxtorior  netoo  msaauramonts  (see  Rof.  11).  Hie  MR  Mk  III  is  a  pulsed  radar  dtatanea 
maasuHng  ayatam.  operating  at  a  troquoney  of  8.8  GHa.  The  HR  Mk  III  console  (situated  in  the 
aircraft)  interrogatod  8  gramndbaaed  tranapondore.  Hiey  aro  pUcod  at  locations  wiM  known  ooor- 
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dln«iM.  Tn  mvIms*  tht  iMVMNnu  «f  Um' •tMrati  (^iteh  and  roH)  twa  tnnapondtra  art  lecatad 
loAtltudlnal  and  tha  athar  twa  Utaral  on  appoaita  aldaa  at  tha  runway.  Tha  night  path  llaa  within 
•  dwadrmagta  danaad  hy  tha  trahapaMan.  tar  ealaulatlng  M  paatttan  tf  thd  atrataft  ana  Idtatalty 
and  ana  longitudinally  loeatad  trannpondar  la  uaad.  In  thla  iray  tha  paattlan  anhr  la  aiada  aa 
aaiall  aa  paaalbla. 

lha  aircraft  apaad  and'  height  ara  datanainod  hy  nanauring  airoratt  atatle  praaaura,  impact 
praaaura  and  total  nlr  tamparatura.  Tha  onboard  praeoaaor  eontrola  ly atom-timing,  portomw  data 
aMiaUtttan  and  aaltbration,  calautattan,  data  abnaaruon  and  data  abtput.  Callbrattaii'  data  la  put 
Into  tha  praaboaara  nan-aalatlla  mamary  bafara  a  maaauraiHaht  aaaalon.  A  apaelal  AhINC  tranadlttar 
drlvoa  tha  laoaltaar-  and  gllda-alapa-bara  through  a  dummy  NAV  raealvar,  ualng  algnala  ganaratad 
by  tha  OPP.  Thua  tha  pilot  la  provldad  with  guldanaa  Information  which  onbblaa  him  to  fly  a 
pradaftnad  flight  path. 

Comparlaon  with  tha  amra  traditional  KTH  praeadura  ahowa  thaaa  two  ayatoaw'  aceuraclaa  aa  batter 
than  1  matara,  provldad  thoy  operate  within  their  daelgn  envolopee.  Thin  precludaa  maaauramant  of 
aircraft  altltudea  lean  than  approximately  80  m,  oaaantlally  eliminating  taka  off  and  landing 
approach  maaauremonta.  In  that  caae  oCner  manna  of  altitude  determination  ara  necaaaary  auch  an 
radio  altlnmtara  or  praaaura  altlaMtera  which  have  thalr  own  llmltationa. 

(dl  Tracblnm  lyatam  Oonaldaratlona 

Far  purpaaaa  of  nolao  oartlflcatlon  (In  contraat  to  alrworthlnoaa  typo  certification  tenting)  tracking 
robutramenta  call  for  an  accuracy  of  not  much  awro  than  1%,  alnca  orrora  of  that  magnitude  would 
ntlll  only  raault  In  fraatlonal  deelBal-amra.  Keneo,  tho  Inherent  maaaurlng  accuracy  of  (albeit  well 
maintatnad  and  oparated)  Mnathaodolltaa,  laaar  or  radar  tracking  aqulpawnt  in  tha  order  of  O.l  to 
0.8  m  at  maaaurlng  dlatancan  la  about  ona  order  of  magnitude  toe  good,  leaving  aome  comfortable 
margin  towarda  laaa  than  Ideal  operation. 

If  taat  coat  and  availability  of  aophlatlcatad  tradtlng  equipment  at  the  tent  alte  it  of  coneern,  one 
or  aavaral  vertically  Orlantatad  cameraa  will  aufl'lea  for  moat  nolta  certlflcatlen  teata.  However  the 
coot  of  tn-tha-flald  operation  and  aet-up  fene  man  par  camera)  and  of  the  aubaoquent  laborloua 
data-prooaaatng  muat  be  welghad  agalr.at  tha  other  aapecta  of  ualng  more  aephlatieated  and 
autoatated  tracking  methoda,  auch  aa  klnethaodolltea,  laaert  or  radar.  Laaar  tracking  la  probably 
tha  moat  accurate  and  veraatlle  tracking  method  preaantly  available;  unfortunately.  It  la  also  quite 
expanalve. 


3.8.8  Malaaroloateal  Inatrumentatlnn 

Praelae  Information  on  the  prevailing  atmoapheric  conditions  at  and  near  the  test  site,  at  and  near 
the  teet-aircraft,  and  in  the  air  space  between  the  test-aircraft  and  the  meaaurement  station  (l.e, 
along  tha  aound-propagatten  path  from  the  aource  to  the  receiver)  is  Important  for  correcting  mea¬ 
sured  acoustic  data  to  rafarance  conditions,  lha  most  important  parameters  are  temperature  and 
humidity,  and  wind-speed  and  -direction;  ambient  pressure  is  usually  of  less  importance. 

As  had  been  stated  earlier.  adMant  taagtersiture  at  the  test  aircraft  affects  all  speed-related  para- 
metera  bacauae  it  ohangao  the  sound  speod;  It  follows  that  the  same  flight  speed  and  rotational 
spaed '(of  pro|iellara  and  tiaheoptar-rotors)  eorreaponda  to  a  dlffeiant  local  Mach-number.  The  eombi- 
natton'  of  tamparatura  and  humidity  along  tha  sound  transmlssldn  path  effects  tha  atmoapheric  ab¬ 
sorption  (attanttatlon).  Aloe,  a  tamparatura  gradient  between  aircraft  and  microphone  may  bend  a 
■ouhd^ray,  XMklng  source  idantlftcatlon  and  path-length  definition  difficult. 

i' 

Plmde  atoft,  along  tha  sound  tranamlsalon  path  and  at  the  ground  test-alts,  affect  the  flight  trajec¬ 
tory  tt  tha'teat-atrcraft,  tha  propagaiion-path  of  tho  radiated  sound  freni  the  teat-aircraft  to  the 
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(•)  QrouBd-bAt«d  taulpw at 

Twt-«lf  UrtwolMlcAl  atAttaw 

TIm  MAiuraaMnt  of  twaparatur*  and  huaddlty 
2  «  or  10  ■  (dapanding  on  tha  particular  AHNgX 
•upport-atruetura.  Thara  ara  nuawroua  Boauaarclally  atrallaMa 
auch  aa  lha  VAISAlA  HMP14  proba,  which  amploya  a  thla-flha 
•nd  a  Itnaar  tharalator-raatator  lor  tamparatura  BMaauraaw 
LAMBRECNT  typa  810  paychrooMtar.  Thaaa  aanaara  hava  a  Iraally  not  rnmmmnt  • 
ot  nraetlona  of  aaooada.  They  aMoaura  taaiparatwra  typlaally  •  MMa  V'^t  '"C.  aad 
within  3K.  Aabtant  atr^raaaura  can  ba  ■aaaurad  by  ana  af 
luta  praaaura  Indlcatora  or  tranaducara.  auch  aa  tha  UtHMSCaT 
aurlng  auch  ralatlvaly  alowly  changing  par  taw  tore  ana  taadtng  ar  data  pla  aaaty  g 
aufflcaa. 


Maaauriag  davlcaa  (ar  local  wind>apaad  and  -dtraattaa  (auah  ••  tha  LAMMnt  typo  Mgi  Cl  typt> 
cally  coapriaa  a  S>«up  anaaoaiatar  (or  wind  apaad  la  caabtaattaa  wHh  a  wbad'  aaaa,  wbtah  la  •!• 
taehad  to  a  potanticaMtar  to  Indleata  wlnd-dlraettan.  Tha  aatamoaiar  only  Maauiao  tha  hirlataitl 
wind  ooavonant  («  parnllal  to  ground),  ita  output  la  aaparatad  lata  a  head-  or  latl-wtad  aaapaaaat 
and  a  croaa-wlnd  caaiponant,  both  o(  which  ara  apaeUiad  (a  tha  approprtata  AWhgg  Chapaar/Appaa- 
dia.  Wind  ln(oraatlcn  auat  ba  awaaurad  with  a  (aat'Caaponaa  dataatar  to  "catch**  ahart  duratlan 
guata,  but  tha  "90-aaoond"-avaragaa  ara  alao  raquirad  (or  tha  corraettona.  A  typical  naaaaaMtar 
would  dataralna  wind  apaad  with  an  accuracy  o(  8S  (or  about  */-  0.1  knot  in  a  10-knct  wind)  and 
wind  dlracllon  to  within  approaiaataly  */~  2  dagr 


Sodar 

Although  Oadar  hat  boon  davalopad  (or  wind-ahaar  datactlon  around  alrporta,  it  can  ba  uaad  to  do- 
lanelna  atatoapharlc  and  wind  ln(oraiation  batwaan  tha  ground  atation  and  tha  taat  alrcrad  in  tha 
contaat  o(  nolaa  cartKlcaticn.  Uaing  auch  a  ayataai  la  much  «ora  coniplax  than  ualng  a  alaipla 
ground  baaad  anaatoaiatar,  alnoa  cca^putar-procaaaing  la  naeaaaary  to  provlda  tha  throaHltawnalonal 
wind  ln(onBatlon  along  tha  lino  o(  awaauraaiant.  A  Sodar  la  capable  o(  awaaurlng  wind  apaad  and 
dlraetlon  by  aailtttng  acouatlcal  pulaaa  Into  tha  atawaphara  and  «aaaurlpg  tha  intanatty  o(  tha 
ratumtag  pulaa  aohoa.  Changaa  In  wind  apaad  and  dlraotion  wlL'  oauae  ataaauraUo  changoa  in  in¬ 
tanatty  and  ahifta.  in  (raquancy  dua  to  tha  oocurranca  o(  a  Oapplar-ahl(t.  With  •  ihraa-antanna- 
ayataa  gpdar,  wind  apaad  In  thraa  dlawnatona  (and  thanaal  atMoapharlc  atructuraa)  at  varloua  altl- 
tudaa.ln  tha  atpiaphara  abava  tha  taat  aiu  can  ba  datanalnad.  Tha  height  at  which  thaaa  valuaa 
are  aNaaurad  la  datanalnad  by  the  alapaad  tlaw  c(  the  ratuming  echo  altar  aaataalon  e(  the  initial 
pulaa.  Thua  layarad  lafonaatlan  at,  aay,  every  20  ai  in  altitude  towards,  and  ovao  above  and 
bayand.  tha  taat-alnralt  ean  ba  abtalaad.  Tha  accuracy  d  tha  MlITgCH  Dapplar  iadar.  (ar 
a»ia<>la,  la  apaetltad  to  ba  within  0.2  «/a  (or  wind  apaad  aad  within  3  dagmaa  (or  wind  dlraetlon. 
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In  MM  eaaM  Mtr>lnfiarMtUon  will  not  bt  dtrMtly  uMd  to  earroet  oeeuaile  data  tar  wind*«lfacU. 
Sadar  la  afidii  uaod  to  aatabllah  whathar  oaeaaatva  wind  or  aubaiantlal  Maraiaaplc  turbulanca  mtata 
baiwawi  Oia  todt  alreraft  and  tho  aMaaraaiaM  atatlon  Uiat  would  not  bo  appbTont  fraa  tho  traund* 
data. 

Mwart  Towar 

ItM  roaulMd  awtaarolagtaal  tafanaatlon  ean  ollan  bo  abtatnod  htoia  a  noarby  airport  towor.  If  tho 
taat«atlO  ta  ataad  to  an  airport  (whleh  "alooonaaa"  In  ttaolf  ontatla  howoror  aaow  mthar  aaroro 
dlondvnntatoall.  An  airport  towor  eantlnuoualy  amiltora  aMteroaeopla  atawMlMrle  eondlttona  In  tho 
omroo  of  Ita  noroMl  oparatlon  and  will  uaually  havo  tnfonaatlon  avallablo  on  wind  apaad,  wlno- 
dtraoUan  and  twpiratiira  naar  tho  ground  and  at  altitudo.  It  la  ofun  bottar,  though,  to  obtain 
■aadnraMnta  at  tho  loot  alto. 


W  am;  M 


a  onn  ba  uaod  to  datonolno  changing  wind  diroctiana  above  a  toat  alto.  Thoy  muat 
nUyl)  traahad  by  Mana  of  an  oatra  KTH,  whllo  tho  accuracy  of  the  Infonaatton  - 
to  eanoarMd  -  ta  ailll  rnthar  Itaittad,  autto  apart  froa  tha  omaaalvo  coat  of  oporat- 
r  puapanaa  at  nataa  aaittflaatlaw  abnaapharic  aoundlng.  Such  a  troo-rialng  laotooro- 
(nlao  aatlad  f£latad  Jal^oan  ar  ”ptbol")  would  Initially  havo  a  dlaiaotor  of  about 
than  rlaa  ta  an  nltttuM  of  MOO  to  7000  a,  whoro  It  would  burat  at  a  dlaaotar  of 
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par  tool  hour  and  bo  trackod  to  a  height  groator 
of  tha  taat  nlrornfl  within  tho  nont  hour. 


Tathorod  Radlo-aonda 


A  tathorod  radlo- 
aondo  can  provide 
Information  on  tom- 
paraturo,  alr-proa- 
auro  and  humidity , 
aa  well  aa  on  wind- 
apaod  and  direction 
(Fig^  3.31) .  Tempe- 
raturea  aro  aenaed 
by  a  thermistor.  A 
thermlator  la  a  de¬ 
vice  that  changea 
alectr'eal  resistance 
in  proportion  to  the 
air  tem,'erature;  the 
variation  of  resia- 
tanco  la  however  not 
linear  and  individu¬ 
al  calibration  is  re¬ 
quired.  For  wind,  a 
cup-anearamatar  and 
a  combination  of  a 
awgnotlc  compaaa 
and  a  potantioaMter 
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hr  wtMl  itNoUtn  to  uwd.  It  th*  kto  to  Uirtoitom,  Um  battoon  Mjr  oaeUtoM  UtoMlly  and  Utua 
pwidwaa  aMMUam  nualMattaat  In  Um  laaaaurad  avarata  wind  apaad.  Alao.  Um  axla  of  Um 
eap  aiMMaaMfar  My  ba  Ultod  tram  trua  «artteal«  Sudi  potontlat  anara  ahauld  ba  aaaaaaad  by 
parladtoally  baltinc  Um  ballaon  durtni  aaoant  and  daaoant. 

Data  tram  Um  radtoaonda  ahauld  ba  tranamittad  oonttnuoualy  by  a  UMP-tranimittar  to  a  raealvar  In 
Um  trawnd  atatlan.  Data  ahauld  alao  ba  plottad  on  a  printor  ahowint  tiM  of  day.  atattc  air  prao> 
auM  (or  Um  dlftaranaa  batwaan  tha  praaaura  at  fround  and  aloft,  whtah  to  a  Maaura  of  tha  halght 
abara  praand  laval).  Dry  and  not  bulb  tamparatura  and  apaad  and  dtractton  of  tha  hortaantal  com* 
panant  of  tha  ulnd  thauM  ba  prtntad  out. 

Tha  tatharod  radio  aonda  ahauld  ba  lat  up  and  haulad  dawn.  It  faaatbla,  at  laaat  onea  par  hour.  An 
aaeant  rata  of  W  to  dO  m/ninuta  ahould  ba  aehlavabla.  Tha  tathar-llna  ahauld  ba  about  1000  a 
lont>  Baeauao  latttng  up  and  haultni  down  tha  tatharod  radlo-aonda  la  nolaalaaa  and  far  away  from 
any  tltpht  path  flown  by  tha  Mat  aircraft.  It  ahould  ba  poaalbla  to  oparato  the  radlo-aonda  whlla 
tha  aircraft  la  bainp  Matad.  Tha  variation  of  praaaura  with  hatphi  la  datarmlnad  at  tha  dlffaronea 
batwaan  praaaura  at  tha  aurfaea  and  tha  praaaura  aloft. 


alaalcal  Air 


Anothar  comaMo  and  oaat-affaetlvo  way  to  obtain  vortical  almoapharlc  information  la  tha  uaa  of  an 
atamaphartc  problnp  aircraft  (Pl£j_aj^).  Tha  aircraft  ahould  fly  along  aacondlng  and  daacandlng 
patha  parallel  to  tha  mlcrophona  arraya.  Altama^lvaly,  a  curved  (“cork  aerow  typo")  path  around 
tha  canur  mlcrophona  can  ba  flown.  Mataorologleal  data  ahould  ba  aamplad  avary  30  m  In  halght. 
Tha  aaroplana  ahould  climb  to  an  altltuda  that  axcaadt  tha  top  altltuda  of  tha  Mat  plana  by  at 
laaat  100  m.  Typically,  tha  aircraft  would  oonduct  a  probing  flight  twice  par  hour.  Tha  rata  of 
daacant  or  climb  ahould  ba  low  enough  to  aeoommodaM  tha  raaponaa  time  of  tha  Inatrumant  for  tha 
gradlanta  In  tamperatura  and  humidity.  Tha  total  time  to  complota  an  aacant/daacant  manoeuvre 
should  not  axcoad  10  to  IS  mlnutoa.  To  avoid  intarfarenca,  the  mataorologleal  flights  should  not  be¬ 
gin  unUl  tha  Mat  aircraft  has  dapartad  from  tha  teat  area,  Tha  Mst  aircraft  may  hold  aomawhara 
while  tha  mataorologleal  data  are  aamplad. 


Tha  height  as  calculatad  from  an  aircraft  static  praaaura  BMaauraomnt  will  ba  accurate  to  within 
*/-S  to  '»/-6  m  for  haighM  greater  than  approabaataly  30  m.  Below  that,  ground  affects  ara  known 
to  degrade  tha  aeouracy  of  a  pltot-atatic  system.  In  that  case  a  radio  alttomtar  la  raoommandad. 


Fig.  3.33  Schematic  of  monitoring  atmospheric  parameters  above  test  site 
by  means  of  a  probing  aircraft 
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S*S>9  Tt—  ayodwowtiatlwi 

In  order  to  oorroct  for  dovtoliono  of  tho  actual  flight  path  from  a  roferoneo  flight  path  (apoclflcal- 
ly  for  atmoaphorle  atUnuatlon)  tho  OKact  distance  of  the  aircraft  at  the  time,  when  the  signal  for 
'maximum  tone-corrected  Perceived  Noise  Level'  (PNLTM)  was  emitted,  must  be  known.  In  acidttton, 
tho  flight-operational  and  engine  parameters  at  that  same  "Instant"  in  time  should  be  available. 

Therefore,  time-synchronisation  betweea  acoustic  and  flight-trajectory  recordings  is  very  Important. 
Every  optical  flight-tracking  station  (camsra  or  kinetheodolits)  must  transmit  (preferably  by  radio- 
signal)  a  synchronisation  pulse  each  time  a  photograph  is  taken.  In  the  case  of  a  kinstheodoUte 
(KTH)  such  radio-signals  would  be  related  to  tho  shutter  trip.  A  typical  frequency  value  for  a 
helicopter  flyover  KTH-sequence  is,  for  example,  0.6  Ht.  These  synchronisation  pulses  are  recorded 
on  the  cue-track  of  the  date-tape-recorder.  At  the  master  station  receipt  of  each  synchronisation 
pulse  could  then  be  used  to  obtain  a  print-out  of  tho  exact  synchronisation  Instant  (with  better 
than  a  1  millisecond  resolution). 

While  this  procedure  synchronises  flight-path  and  emitted  sound  signature,  the  aircraft-operational 
parameters,  such  as  rotor  or  propeller  RPM,  indicated  air  epeed,  torque,  or  any  other  pertinent 
engine-parameter  must  also  be  recorded.  As  an  illustration,  a  procedure  that  was  employed  by  a 
British  team  |1S|  for  helicopter  test  flights  will  be  briefly  described.  In  this  case,  the  cock-pit 
Instrument  panel  was  continuously  photographed  at  a  rate  of  one  photo  per  second  using  a  16  mm 
movla-fllm-camera.  Film  casettes,  containing  several  thousands  of  frames  were  used,  which  allowed 
casette-changes  in  day-light.  Each  test  flyover  was  identified  by  a  number  written  on  a  note-pad 
attached  to  the  cockpit-panel  (Fig.  3.33).  Synchronisation  of  the  noise  recordings  (on  the  ground) 
with  (a)  a  ground  based  tracking  camera  and  (b)  the  movie-camera  on  board  was  achieved  as 
follows:  each  time  a  ground  camera  was  operated,  it  fired  a  27  MHs  radio-signal.  Tho  signal  was 
received  through  the  helicopter's  on-board  27-MHs-recelvor,  which  -  by  means  of  a  special  camera 
control  unit  -  caused  high-intensity  LEDs  to  light  up.  These  LEDs  were  mounted  in  an  analog  clock 
on  tho  cockpit  and  visible  to  thj  movie-camera.  In  the  case  described  synchionisation  to  within  1 
second  was  achievtid,  where  the  '1-second'  is  a  consequence  of  the  selected  movie-camera  photo¬ 
graph-sequence. 

Such  a  comparatively  long 
"uncertainty-time"  is  no 
problem,  since  operational 
parameters  of  the  aircraft 
do  not  change  appreciably 
within  one  second.  This 
rather  lax  tolerance  must 
not  be  confused  with  the 
much  more  stringent 
requirements  for  flight 
tracking,  where  the 
position  must  be  known  to 
within  a  fraction  of  a 
second,  since  the  aircraft 
may  fly  several  tens  of 
maters  during  such  a  time- 
span.  This  approach 
involved  howeve'  visual 
Inspactlon  of  each  test-run 
movie  to  identify  the 
Instants,  when  a  ground 
camera  was  operated. 

Fig.  B.aa  Camm  MosMtiid  codqptt  InstruBNRtatlon  panel 

at  tUeo-tnstant .  ^.en  ground  based  caamra  trigger 
pulse  was  ralaasi^ 
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AlUrMUv*ly,  tUM  •ynchroniiatlen  IxtwMn  continuously  oporsting  tracking  dovleos  and  the  read¬ 
ings  of  on-board  paraiMtsrs  can  bs  achlsvsd  by  swans  of  filming  ths  display  of  a  digital  clock  on 
the  instruBwnt-panol.  In  that  eass  tha  clock  Itaslf  must  have  boon  callbratsd  to  a  vary  accurals 
ground-laeatad  nwstar  elodc,  manltorad  In  turn  on  tha  data-tapa  by  swans  of  a  tlma-codo  rooordlng. 

If  raoordars  onboard  ara  uaad  than  a  atsrt/stop  dstactor  1880)  -  as  usad  by  tha  Pokksr  Coaipany  - 
la  halpful.  Its  main  function  is  to  start  and  stop  tha  recorders  In  ths  aircraft  simultaneously  with 
ground  based  raoordars  and  to  advanco  the  ID-ooda  of  tha  ttaw  coda  generator.  The  cosunands  from 
tha  central  ground  based  station  are  received  in  tha  aircraft  by  a  VHF-FM  rsceivar  and  datactad  by 
tha  880.  The  racalvar  la  part  of  tha  880.  Tha  880  also  provides  a  start  and  stop  criterion  for  tha 
flight  path  swaaurlng  system. 


3,3.4  On-board  Aircraft  Tnstruswntatlon 


While  ANNEX  16  apaclfias  that,  certain  aircraft  flight  parameters  must  be  determined  by  aircraft-in¬ 
dependent  swans,  such  as  flight  height  and  ground  speed,  and  -  if  necessary  -  aircraft  side-slip 
direction  (in  the  presence  of  strong  cross  winds),  certain  other  parameters  must  be  measured  on¬ 
board,  notably  indicated  airspeed,  aircraft  attitude,  onflow  direction  and  speed  ("wind  vector"), 
outside  temperature  and  ambient  pressure.  To  determine  the  helical  blade  tip  Mach  number  of  a 
propeller  or  the  advancing  blade  tip  Mach  number  of  a  helicopter  rotor,  the  blade-tip  or  rotor-tip 
rotational  speed,  the  true  flight  speed,  and  the  true  ambient  (static)  temperature  must  be  precisely 
known. 


All  engine  related  operational  parameters  are  recorded  on-board  the  aircraft.  Relative  humidity  may 
also  be  determined  by  on-board  means.  By  comparing  outside  air  temperature  and  relative  humidity 
aloft  with  these  obtained  near  the  ground  one  may  obtain  an  indication  of  the  general  temperature/ 
humidity  pattern  between  the  aircraft  and  the  ground  measurement  station. 


(a)  Propeller  or  Rotor  Rotational  Si 


Usually,  there  is  a  propeller  or  rotor  tachometer  on  the  instrument  panel,  calibrated  in  terms  of 
revolutions  per  minute  (RPM).  These  kinds  of  instruments  are  not  accurate  enough  to  provide  the 
rotational  speed  to  within  the  necessary  V-0.1%;  such  an  accuracy  is  required  to  ultimately  obtain 
the  blade  tip  Mach  number  to  within  the  third  decimal.  Especially  if  the  temperature  or  Mach  num¬ 
ber  correction  factor  la  to  be  determined  by  means  of  varying  the  rotational  speed  (see  Section 
2.5.7)  the  rotational  spaed  must  be  measured  by  a  more  accurate  procedure. 


One  such  method  is  to  employ  "resonant  reed  tachometers"  (Fla.  3.34);  these  are  attached  to  a  sui¬ 
table  point  on  ths  aircraft-structure  and  resonate  in  response  to  the  vibratory  environment  in  the 
aircraft.  This  resonance  is  directly  related  to  any,  however  slight,  rotational  imbalance  of  the 

rotating  system.  One  can  then,  in 
a  straight-forward  manner,  read 
the  propeller  rotational  speed  from 
the  beam-resonance  frequency. 

This  type  of  instrument  might  still 
not  be  accurate  enough.  Light- 
beam  emitting  devices  dtrectsd  to¬ 
wards  ths  propeller  blade  which 
carries  a  small  roflactlng  pad  are 
also  used.  Electronical  counting  of 
tha  reflected  pulses  provides  a 
direct  Indloetion  of  the  propeller 
rotational  speed. 


Fig.  3.34  Resonant  Reed  Tachometer  (FRAHM) 
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A  third  pMalblltty  !■  to  mmitor  tho  acouatle  otinaturo  Insldt  tho  cockpit.  Th«  rotation  of  tha  pro- 
paUar  or  tho  rotor  oapraaaaa  itaalf  through  an  acouatlc  itno-apactrum  conalating  of  a  blada-rotatlon 
fundamontal  and  a  nuadwr  of  hanaonlea.  Salacting  any  particularly  atrong  harmonic  within  thla 
llna-apactrum  will  yiold  tho  rotational  apaad  with  a  vary  high  dagroo  of  accuracy. 

In  a  halieoptar,  tha  main  and  tha  tall  rotor  ara  machanlcally  eouplad  with  a  known  gear  ratio; 
any  particular  and  aultably  atrong  tonal  component  In  tha  cabin  Interior  narrow-band  acouatlc 
apectrum  may  then  be  taken  to  derive  rotational  apeeda.  Since  the  frame  of  reference  la  tha  air¬ 
craft,  no  apood-relatad  Doppler  frequency  ahlft  occura.  Furthar  Information  on  englna-rotatlonal 
apaad  meaaurement  may  be  found  In  |16|. 

(b)  Air  Spaed  and  "Wind  Vector" 

Tha  <l^t  apaad  of  tha  aircraft  la  normally  obtained  on  the  basis  of  a  Pltot-statlc  read-out  on  the 
cockpit  Inatrument  panel.  Speed  la  Initially  avatlablo  In  terms  of  the  "Indicated  airspeed  (IAS)". 
Tha  value  of  the  IAS,  however,  atlll  contains  Instrument  errors  and  errors  resulting  from  the  In¬ 
stallation  of  the  sansor  cloae  to  aircraft  structural  components;  tha  latter  ones  are  termed  "position 
errors'*.  The  actual  anmunt  of  theae  errors  la  available  from  the  aircraft-specific  flight  manual.  IAS 
la  also  affected,  among  other  things,  by  aircraft  weight  and  the  particular  configuration  as  flown, 
notably  by  the  wing-flap  angles.  These  effects  may  quantitatively  be  determined  from  information  in 
the  flight  manual.  Accounting  for  thaaa  errors  will  now  provide  the  "calibrated  airspeed  (CAS)". 
The  CAS  must  further  be  converted  into  the  "true  airspeed  (TAS)"  by  considering  deviations  from 
ISA  sea-level  atmospheric  conditions  of  ambient  pressure  (flight  height  dependent)  and  temperature 
utilising  appropriate  tables.  Since  flight  Mach-numbers  in  noise  certification  procedures  never 
really  exceed  a  value  of  approximately  0.3S  any  compressibility  effects  on  the  pitot/static-reading 
can  be  neglected. 

Most  modern  aircraft  are  equipped  with  an  on-board  air-data-computer  which  provides  TAS  directly 
from  lAS-information. 

Both  aircraft  attitude  and  wind  vector  are  of  interest  in  the  context  of  noise  certification.  Since 
aircraft-specific  noise  generators,  moat  notably  propellers  and  rotors,  exhibit  a  pronounced  direc¬ 
tivity,  It  can  be  Important  to  know  their  flight-attitude  with  respect  to  a  geodetic  coordinate 

system.  Furthermore,  the  noise  genera¬ 
tion  process  as  such  of  propellers  and 
rotors  is  also  affected  by  the  air  on¬ 
flow  direction  and  velocity  (i.e.  by 
the  "wind  vector").  Aircraft  attitude 
can  be  determined  by  an  on-board 
gyro  or  Inertial  navigation  system. 
Tha  wind  vector  can  be  derived  from 
Information  on  aircraft  angle-of-attack 
("alpha"),  aircraft  angle-of-side-sllp 
("beta")  and  TAS.  In  the  practice  of 
noise  cortification  one  can  assume  that 
a  flight  condition  involving  a  relative 
aide  slip  does  not  really  occur.  There¬ 
fore,  tha  wind  vector  can  be  readily 
derived  from  speed  and  angle-of-attack 
Inforskation  only.  More  directly,  true 
airspeed  and  wind  vector,  respective¬ 
ly,  can  be  determined  with  the 
(DORNIBR-developed)  "Fllght-Ug" 
(Fig.  3.3S).  It  uses  a  light  and  fast- 


Flg,  3.38  Domlar-developed  "Flight  Log"; 

an  airborne  true  flight  speed  and 
aircraft  angle-of-attack/slde-slip 
Indicator 
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rMpondlng  rotattnt  "wtndmlll-whMl"  which  la  atUchad  to  a  eardanlcaliy  supported  "wind-vans". 
Tho  rotatlonai  sposd  ot  the  "wlndmlU-whoat"  and  tho  vana-diroctlon  aro  olaetronleslly  monltorod  to 
provlda  a  dlroet  and  vary  aceurata  maasuro  of  flight  apoad  and  wind  onflow  dlraotlon.  Undorstan- 
dlbly,  this  Instruannt  must  bo  placed  at  tho  tip  of  a  aufflclantly  long  noaa  boom  on  tha  airoraft 
and  outside  of  any  alrcraft-ralatod  flow-disturbances. 


(c)  Aaiblant  Tasiparatura  and  Relative  Humidity 


Outside  alr-tc-iparatura  can  be  maaaurod  by  a  number  ot  coBimorcially  available  tharttoaiatara  such 
as  those  manufactured  by  tha  Rosemount  Company.  Modem  sensors  tor  measuring  outside  air  tempe¬ 
rature  in  the  aircraft  are  always  total-temperature  probes.  They  typically  use  a  tube-shaped  hous¬ 
ing  (Fig.  3.36)  mounted  parallel  to  the  tree-flowing  air  outside  ot  tha  boundary  layer  of  the  fuse¬ 
lage.  Internally  there  is  some  sort  of  a  temperature-  sensitive  resistance  element.  On  account  of 


Fig.  3.36 


Internal  structure  and 
housing  for  airborne 
temperature  or  humidity 
sensor  (Rosemount) 


Internal  air-flow  deflection  ahead  of  this  eleasent  tho  air  is  turned  by  90*  (in  the  case  shown) 
before  it  passes  through  the  measuring  element.  Thus  water  and  dust  particles  Isavs  thn  probe 
without  affecting  the  element  Itself.  The  air  which  enters  through  the  tube  orifice  is  nearly  totally 

dacsleratad  and  adlabatieally  compressed. 
The  elanwnt  thus  ssaantlally  nwasures  sta¬ 
tic  temperature.  At  tho  typical  flight 
speeds  in  noise  certification  the  tempera¬ 
ture  rise  on  account  of  compression  can 
be  safely  neglected.  Such  "resistance 
theroMSMter"  have  a  typical  measurement 
range  from  -900  *C  to  -*^300  *C,  more  than 
sufheient,  of  course,  for  noise  certifi¬ 
cation  purposes;  this  typo  of  thermometer 
is  also  very  accurate  and  widely  used. 
An  excellent  survey  on  tumperature  mea¬ 
suring  devices  for  use  on  aircraft  may  be 
found  in  |1T|.  Outside  relative  humidity 
can  be  determined  with  instruments  uti¬ 
lising  the  humidity-dependent  capacity 

Fig.  3.37  Humidity  sensor  elements  (ValsAU) 
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dual*  a(  •  tftotoetrlc  oondMiaar.  liMh  m  tartwawiW  ««Mld  ka  for  Mui^U  Um  "Nwileap"  mnutM- 
umd  by  tha  VbHHlA-Codbany.  A  fhala  at  b—tAtty  laaaar  itamau  ayyaaia  tn  Ha>  S.W.  A«  ala> 
Mat  at  tbla  UaA  aaalA  ba  mmaM  ta  tba  aaM  baatlbf  an:  btwwa  ta  tig.  I.SC;  tha  daalaa  waald 
thaa  rapraaaal  aa  airbaraa  biwugny  iwiaartag  bbtt.  SalaUa  aa  baaidity  Maaurtng  taebalaaaa  fraai 
ataHagbarla  ytablag  aircraft  eaa  ba  Ibiiatf  la  (Hi. 


a.4  bWi  atadiw  aai  »>-a» 


«.«.!  Criteria  tar  Wta  ItaWtaa 

Selecting  an  appraariate  tact  eita  ia  prabably  ena  at  the  cMat  crucial  daciaicne  that  auat  ba  aada 
by  tha  anglnaar  raapenaibla  for  planning  a  noiea  eartifieatlon  taat  pregraa.  A  nuabar  of  iaportant 
criteria  auct  ba  checked:  If  actual  take-efta  and  landings  ara  raaulrad  naar  tha  aeouatic  aaaaura- 
aant  atatlona,  than  tha  taat  site  auet  ba  elewa  to  an  airport.  If,  however,  that  airport  is  very 

busy,  it  will  ba  next  to  iaposslble  to  run  a  smooth  test  program.  Under  normal  elrcumetsnces  the 

airport  traffic  has  preference  above  the  test  flights.  Hence,  commercial  airporta  are  not  auitable  for 
certification  noise  tasting. 

Busy  air  traffic  near  tha  test  site  not  only  constitutes  a  flight  haaard  but  also  produces  disturbing 
noise  which  might  invalidate  tha  test  results.  DLR  frequently  uses  tha  Braunschweig  airport  (EDVE) 
for  noiae  certification  tasting,  a  amall  municipal  type  airport  with  no  commercial  traffic.  Only  GA- 

typa  aeroplanes  use  this  airport.  Even  ro,  it  is  difficult  to  find  "quiet"  periods  to  conduct  a  test 

flight  (which  itself  may  take  no  longer  than  a  few  minutes  of  active  data  taking). 

A  smaller  -  preferably  abandoned  -  airport  or  landing  strip  has  distinct  advantages.  The  runway 
provtdea  a  visual  cue  to  the  test  pilot  (or  finding  and  passing  overhead  the  ventral  acoustic  mea¬ 
surement  station,  provided  the  flight  traiectory  is  parallel  to,  and  to  the  side  of  a  runway.  In 
this  case  an  experienced  pilot  can  readily  fly  alongside  unless  the  cross-wind  component  is  too 
strong. 

If  the  airport  was  not  in  actlv,  use,  air-traffic  related  noise  should  be  minimal,  a  decisive  ad¬ 
vantage.  An  abandoned  airstrip,  however,  would  not  normally  have  an  air-traffic  control  tower, 
which  could  provide  local  weather  information.  Since  meteorological  date  should  be  obtained  by  the 
test  crew  anyway,  this  ia  probably  not  a  severe  handicap. 

Although  a  concrete  runway  is  necessary  for  jet-aeroplanes  or  heavy  propeller-aeroplanes  to  take 
off  and  land,  the  actual  measurement  site  should  be  away  from  a  concrete  surface.  ANNEX  16  calls 
for  an  extended  area  with  short  cut  grass,  above  which  the  microphones  should  be  positioned  at  a 
height  of  approximately  1.2  m  and  where  no  nearby  reflecting  surfaces  (e.g.  buildings,  trees) 
would  interfere.  Hence,  though  the  general  orientation  of  the  test-flight  trajectory  would  be  close 
(i.e.  parallel)  to  the  runway,  the  test  s.te  itself  would  be  off  to  the  side  and  in  a  suitable  grass- 
covered  area. 

It  is  somewhat  ironic  that  ANNEX-16/Chapter-lO  now  requires  an  artificial  round  hard  surface  very 
close  to  a  grass-surface  below  the  Inverted  microphone  (see  Fig.  2.22).  It  would  seem  more 
straight-forward  to  take  advantage  of  an  existing  hard  concrete  surface  close  to  the  beginning  or 
to  the  end  of  a  runway,  or  of  a  nearby  taxiway.  In  such  cases  the  microphones  could  be  positioned 
directly  on  the  surface  or  could  even  be  ineerted  in  a  hole  into  the  concrete  (Fig.  3.38)  to  provide 
ideal  non-reflecting  conditions.  Thermal  turbulence  directly  above  a  concrete  surface  might  however 
occur  during  periods  of  intense  sun-shine.  Associated  problems  could  be  reduced  by  applying  a 
layer  of  white  paint  around  a  sufficiently  large  area  surrounding  the  microphone. 
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!f  tht  prMinM  et  wmrgm- 
ey  landing  taclllly  or  run¬ 
way  vlaual  oriantatton  for 
tha  pilot  It  of  toM  eon- 
eam,  tatting  can  ba  con- 
ductad  away  from  runwayt. 
In  cartlflcatton  tatting 
thara  occurs  hardly  ever 
an  actual  take-off  or  land¬ 
ing.  Rather,  reference 
flight  trajectorlea  are 
liitercaptad  and  aubtequent- 
ly  followed  for  noise  test¬ 
ing.  In  these  cases  (sub¬ 
sonic  Jet,  heavy  propeller 
aeroplane  and  helicopter 
noise  certification  testing) 
It  might  be  better  to  use  a 
remote  test  site  somewhere 
"out  in  the  country"  and  away  from  any  airport-related  air-traffic.  Finding  a  suitable  sits  in  a 
densely  populated  area,  as  in  Central  Europe,  may  however  be  difficult. 

The  availability  of  electricity  close  to  the  test  site  is  usually  a  minor  concern.  Most  of  the  equip¬ 
ment  can  work  from  batteries.  If  excessive  amounts  of  electricity  would  be  required  (ssy  several 
hundred  Watts),  as  for  driving  'visual  approach  slope  indicators'  or  a  number  of  tape-recorders 
and  analysers,  a  small  power  generator  may  be  necessary. 

The  elevation  of  the  test  site  above  mean  sea  level  affects  the  acoustic  power  produced  by  the  air¬ 
craft  engines.  The  Influence  of  reduced  atmospheric  pressure  Is  negligible  at  elevations  from  sero 
to  300  m,  light  effects  must  be  expected  up  to  1000  m,  and  above  that  elevation  increasingly  larger 
adjustments  to  the  messured  sound  pressure  level  are  required,  if  the  reference  elevation  is  sea 
level. 


3.4.1  Teat  Bst-up 

(a)  Surveying 

In  order  to  accurately  position  the  microphones  and  the  tracking  equipment  with  respect  to  the 
flight  trajectory,  the  prospective  test  site  must  be  accurately  surveyed.  The  procedures  will  be 
Illustrated  for  a  representative  test  site  at  some  airfield  (Fig.  3.39)  in  the  United  Kingdom,  where 
DLR,  WHL  and  CAA  jointly  conducted  a  helicopter  noise  test  1 191.  This  particular  test  went  beyond 
the  scope  of  a  Chapter-8  noise  certification. 

This  particular  test  aerodrome  has  3  run-ways,  03/21.  12/30,  and  07/28.  Here  0*  (»  00)  corresponds 

to  North,  90*  (*  09)  to  East,  180*  (S  18)  to  South,  and  270*  (*  27)  to  West.  This  airfield  thus  pro¬ 

vided  3  options  for  a  measurement  set-up.  All  three  options  were  surveyed  prior  to  the  test.  Thus  a 
quick  re-arrangement  of  tha  instrumentation  set-up  was  posalble,  should  tha  prevailing  long-term 
(like  one  day)  wind-direction  change  from  within,  say,  15*  to  both  sides  of  a  runway  to  IS*  of 
another  runway.  In  tha  particular  helicopter  noise  test.  3  microphones  had  to  be  positioned  ortho¬ 
gonally  to  the  flight  track.  There  was  one  center  microphone,  and  one  each  ISO  m  to  the  left  and 
the  right  side  of  the  center  microphone.  The  test  involved  all  three  procedures  (take-off,  horisontal 
flyover,  and  landing  approach)  and  all  flight  trajectories  had  to  be  measured  very  accurately. 
This  was  done  -  in  this  ease  -  by  means  of  5  cameras  positioned  along  the  flight  track:  two 

casMras  before,  two  behind  of  the  center  microphon  and  one  camera  cloee  to  tha  canter  microphone. 
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Fig.  3.39 


Alrf(«id  In  th*  UK  with  3  runwayt  uMd  •• 
flight  nolM  MMAiuFMMnt  t«it  alt# 


Tha  batit  ttat  a«t-up  (aa  akatch- 
ad  In  Fig.  3.<0)  conalatad  of  tha 
3  latarat  mlerophonaa  and  tha  S 
camaraa.  Thair  locatlona  had  to 
bn  pradata'.mtnad  at  approprlata 
poaitlona  baaidaa  aach  of  tha  3 
run-waya  that  wara  to  aarva  aa 
pilot  cuaa.  In  addition,  them 
wara  two  othar  marklnga:  tha  ro¬ 
tation  point  for  tha  taka-off  teat 
and  tha  location  for  tha  pracl- 
aloii  approach  path  indicator 
("PAPl”).  All  thaaa  pointa  <3 
mlerophonaa,  S  cameraa,  rotation 
point,  and  PAPI  locatlona)  had 
to  have  flxad  poaitlona  with  r«- 
apact  to  aach  othar.  Peripheral 
equipment,  auch  as  the  control - 
van  and  the  weather  atatlon  in 
particular,  were  poaltlonad  at  a 
convenient  location  "out  of  the 
way". 


Following  tha  edge  of  the  runway  chosen  as  a  datum  Una,  microphone  and  camera  locations  were 
carefully  marked,  uaing  a  survayers  tape.  Small  inaccuracies  (In  the  order  of  one  or  two  meters) 
ir  the  mlcrophone-poaitioning  can  be  tolerated.  Any  inaccuracy  In  the  positioning  of  the  cameras 


•  I 


widB) 


DTVUI  NICROTNONI  COORPIHJkTtS 
M.  tXTt  1  OP  UR  TKAN 
>  M.O)  I  10  >  (*4.0) 


PIIL*  MsD 

If 

4«>  <»a44»0) 

4«w  |«)44.0) 


o 


MrrvfMM  U) 

(01 

PgM*K  llM 

pim.  mciBfiiBHg 

caMr« 


Ftg.  3.40  Typical  set-up  and  cabling  uap  for  aircraft  noise  test 
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would  howtytr  hovo  rothor  odvont  oontoquoncoo,  o«  thoir  roUUwo  dtMoneoo  dirocUy  Mtor  Into  Um 
•round'Opood.  To  ocourotoly  oUgn  tho  orroy  of  eaawroi  (and  M  aoaw  aatoM  alao  tha  array  a( 
ailcroghonaa)  a  auryayor-iypa  ihaodolua  la  Indtvonaabla.  Thla  ihaadolUa  eaa  alia  ba  uaad  W  dalar> 
■tna  aay  undulation  in  tha  taat  alto  aurfaea.  A  hardly  notleaabta  hatght  aarlatlon  of  ana  or  two 
■atara  In  tha  araa  of  tha  eaaioraa  would  Influanoa  tha  oftaetlva  aircraft  flight  halght  abo«a  ground. 
Tha  Mterophonaa  wara  poattlonad  away  fran  any  roflaoting  aurtacaa  (including  tha  oantrol  van). 
Oanarally.  tharo  ahould  ha  a  diatanea  of  at  laaat  10  m  batwaan  tha  eoncrata  runway  adgo  and  tha 
elooaat  mlerophona,  alnca  tha  change  In  ground  taipadanea  (rooi  eonerola  to  graaa  affacta  tha  aound 
algnatura  undar  grating  ineldanca  oondttlona.  Alao,  ralativa  poaltionlng  aecuraelaa  in  tho  horicontal 
plana,  batwaan  mlcrophonaa  about  ISO  m  apart,  ahould  ba  battor  than  *-/•  1  ■>. 

Onca  tha  prinary,  at  wall  at  tha  altamata,  loeationa  of  tha  cantor  mlcrcphona  atation  and  of  tha 
lataral  wlcrophona  ttatloni  ware  aatabllahad,  tha  flight  track  and  tho  aignlficant  pointa  on  tha 
track,  aueh  at  tha  rotation  point,  wara  aiarkod.  for  thla  purpoaa  a  numbor  of  fairly  largo,  pronil- 
nantly  eolourad  (oranga)  blankata  wore  uaad  along  tha  track,  ovary  100  m,  or  to,  plainly  vlalbla  to 
tho  pilot  for  orlantatlon. 

Of  couraa,  tlmilar  eonaidaratlont  apply  to  othar  than  Chaptor-0  typo  taat.  for  axaiapla,  in  noiaa 
cartiflcation  tatting  of  haavy  proprllar  aaroplanaa  or  aubaonic  Jat-aaroplanaa  (Chapter  3),  tha 
lataral  microphona  array  mutt  ba  4S0  m  to  tha  tida,  with  at  laaat  ona,  prafarably  aavaral,  chack 
microphona(t)  on  tha  othar  tida  of  tha  track,  again  at  4S0  m  diatanea.  Thair  poaitiona  would  hava 
to  ba  accurataly  lurvoyad.  Likawita,  tha  poattion  ralativa  to  tha  (light  track  of  KTH-,  radar-,  or 
laaar-aqutpmant,  if  of  tha  mobila  typa,  ->r  of  ground-batad  tranapondora  tor  tha  MAPS  aat-up, would 
hava  to  be  accurately  datarminad. 

Such  aurvaya  and  loration  marklngt  ahould  ba  dona  wall  in  advanca  of  tha  actual  tatting.  All  aur- 
vayad  pointa  will  have  to  be  marked  clearly  by  atakat,  for  axampla.  In  tha  event  of  a  quick  taat- 
aita  change,  all  geographic  poaitionlng  information  will  than  ba  readily  available. 

Tha  general  location  of  tha  control  van,  tho  weather  atatien.  the  electric  power  atation  (if  nacaa- 
aary)  alao  hava  to  be  deteminad  in  advanca.  Optimum  layout  of  cablaa  from  microphonat  to  tha 
canter  recording  atation  and  other  electric  cabling  ahould  ba  planned  for  all  of  the  potential  aitaa. 

If  not  olready  abort  enough,  tho  graaa  at  the  taat  aite,  where  the  microphonea  are  poaitioned  muat 
ba  cut  (by  maana  of  a  lawn-mower  or,  environmentally  much  more  acceptable,  by  meana  of  aavaral 
aheap)  aliortly  before  the  test. 

(b)  Equipment  Set-up 

Settina  up  Acouatic  Inatrumentation  /  Central  Aceuattc  Control  Van 

All  required  microphonea  (l.a.  microphone  cartridge,  dahumidlfler,  preamplifier)  muat  be  set  up  at 
the  predetermined  loeationa  on  their  microphone  stands  at  a  height  of  1.3  m  above  the  graaa  aur- 
face  (Fla.  3.41a).  Since  grass  is  not  a  well  defined  surface,  deviations  from  tha  nominal  1.2  m  are 
unavoidable.  As  had  bean  stated  before,  thin  fact  is  particularly  bad  for  propeller-aircraft  tests 
and  tu  a  lasser  extant  for  helicopter  testa.  For  Chaptar-10  type  tests  the  microphones  are  invertadly 
positioned  on  tha  hard-solid  round  plate  (Fti.  3.41b).  Hence  tha  position  is  much  leas  critical  and 
acoustically  better  defined.*  For  research  purpoaaa  -  to  ba  distinguished  from  certification  type 
measureawnta  -  one  would  certainly  prefer  the  ground-proximity  arrangement,  or  alternatively  the 
mlerophona(a)  to  be  positioned  about  10  m  above  the  ground  as  shown  In  Fla.  3.41c. 


*  It  ahould  ba  mentioned  that  ICAO  encourages  noise  certification  tasting  to  ba  conducted  with 
both  microphone  arrangaawnts  (1.8  m  and  "0"  m  abova  ground)  to  aatabllsh  a  broad  data  base 
for  an  eventual  decision  on  using  ona  or  t)w  othar  mleropltona  position  for  othar  ANNCX-^apters 
than  Chapter  10 


Pig.  S.41m  MlerophoM  with  wind  bnll  on  1.1  Mtor  high  otond 


rig.  S.41b  Invortod  ■lerophono  conflgurnttono  (loft:  onriy  voroion;  right:  opocifiod  vorolon) 
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Hm  (pmtuw  fMimm  typ«)  Ml«rap)MmM  m  thtlr  avMite  tltoitM  to  wtowtutto  Itr  •  iMtUit  tM(* 
4MM  4ifwUto«  Ito  towipliMii  MMi  to  wwaito  to  t  paly«Nitoa  Itoa  wttotoU  (I*  to  iMto- 
MHty  NMtoi  far  ptatoipHtm  oaliaraMtuK  Ito  toaravtonria  art  itoa  eaaaaeM  to  aateaalaa  aaUaa 
(S  ai  la  li  ai  laat  aaak)  ta  ttoir  pa»)ar*aittottaa  fit  »aa  piayataiiaadl  eiwtoaair  amraptoaai  ara 
aaai)  atoi  awliitoi  aa  la  altaw  far  a  aalflalaat  "waraHip"  Uaw. 

Ito  pator  aap^Ma  lhaaiaalaaa  ato«M  ha«a  a  pralaaUaa  toMalet»  ta  prawlda  aaaM  ahtaMlag  agalaai 
aatohtaa  aai  aaaapaaM  Maala  (la  tolah  oaaa  tha  atoraptoaaa  aaitM  alaa  to  taaipararlly  aaiaarad 
wllli  a  plaalta  tog  hr  ptataellaa).  Itoraallart  ito  atgaal  aaaiaa  l«ip  ta  MO  «  laac,  uavaUp  at  tto 
■NC-Drto)  ara  ralM  aal  la  prartia  tto  taaaaotlia  oatwaia  tto  potMr  aiipptlaa  aad  tto  aipnal  aaadi- 
tlaalag  taatmawatatlaa. 


Oapatolto  aa  tto  ataraptoaa  aaaaUiatti,  Ito  tppa  at  alraratl  aad  tu  aapaelai  alaaaat  appnaeh  ta 
tto  aileraphaaa,  tto  wttotaad  MM  altna)  aaltaca  traai  tto  praaBQiitttar  adgM  ranaa  fMa  100  pv  ta 
1  V:  tOla  00  dl  raapa  anial  to  adjwatod  pHar  la  raaardtnt,  auoh  that  Ito  aMalmim  aaltaga  (aaaaun- 
Uai  far  araai  taetoia  aad  tto  taipalatvltp  at  tto  lapimd  altaal.  aaa  laatlaa  9.1.0)  ta  elaaa  ta  tto 
pratamd  valM.  Ouah  adjaatataat  aaa  to  aahlaaad  hy  uatag  a  pmtataa  aaund  laval  awtar  (NUI), 
total  4  tatamalaa,  wlda^ad  tl|nal  aoadltlaaar  with  law  diaiartlan. 

Maatmlatni  tha  alactrte  al|naUta-nolaa  ratio  ra^utraa  eonttnutiy  of  tha  alactrtcal  ahialdini  Iron  tha 
praaapUtlar  all  tto  way  to  tto  Input  of  tto  POLM.  Aa  radio  al|nala  can  to  plekod  up.  tha  ahlald 
toauld  to  iraundad  at  tto  tapa  racardar  aad  at  tto  alfnal  aabla  by  an  Inaulatad  wlra,  aa  that  con¬ 
tact  with  tto  Mtal  atructura  at  tto  control  van  (which  houaai  tto  tapa-racordar  and  tha  PILMa)  ta 
avatdad. 

Sach  nitcrcphor.a/powar-aupply  data  channel  la  eonnaetad  to  Ita  own  KLM,  which  In  turn  la  eonnact- 
ad  to  tha  niultt-track  tapa-racordar  Input.  Ac  atatad  abava.  MLMa  and  tto  tapa-racordar  ahould  to 
Iccatad  Inalda  tto  control  control  van  or  contalnar  for  oparatlon  by  tto  aeouatlc  taat  an|ln«ar. 
T-«annactoro  ara  uaad  to  connect  peripheral  InatruOMntatlen,  auch  aa  one  or  aavaral  iraphtc  laval 
raeardaro  (to  laenttor  flyovar  A-wat|htad  praaaura  laval  tlnui  htatorlaa).  Oacllloacopaa,  prafarably  one 
for  aadh  channel  ara  vary  uaaful  for  ONnltarlni  onto  mlcrophona  output,  aa  each  ailcrophona  racatv- 
aa  tta  own  tranatant  alfnal,  not  naaaaaartly  Idantlcal  ta  thoaa  of  othar  aitcrophonaa  (aapaclaHy  of 
aide  Una  ailcrcphonaa) . 

Pracialon  aound  laval  awtera  and  raaaarch-typa  tapa  racordara  ara  equipped  with  overload  indteatora 
to  allow  adjuatawnt  of  lavola  on  the  atgnal  conditioning  Inatrunwnt.  If  an  A-walghtad  algnal  la  to 
to  rocordad  directly,  than  tha  Input-attanuater  will  to  adjusted  for  aiaalmuM  wida-band.  unwalahtad 
algnal  atrangth,  and  hie  eutput-attanuator  far  awatanw  wtda-baad  walahtad  algnal  atrangth.  Thia  ta 
not  normally  dona,  unlaaa  a  Chaptar-d  or  Chaptar-lO  type  ■aaauraawnt  la  carried  out,  or  If  dynam:: 
range  ccmpraaalcn  (a  Impartant.  In  all  othar  caaao,  and  aapaclally  whan  an  tPNL-valua  muat  to 
dataimtnod,  tto  unwatghtad  wIda-band  atgnal  ta  racordad. 

At  aato  aoouattc  awaauranmnt  atatlon  a  ptatonphona,  prafarably  ana  that  ta  capable  of  ganeratlng 
aavaral  diaorata-lraqtianey  tonaa  (a.g.  IN  Ha,  MO  Ha,  lOM  Ha),  toculd  to  available.  In  addition  It 
la  adviaabla  ta  aa^lcr  a  piah-nclaa  ganarator  to  ctook  tto  antlio  fraquaney  raapenaa  In  tha  field. 
If  dlataneaa  batwaan  tndlvlAia)  acouattc  awaauraoNnt  atatlona  ara  not  too  large,  "hand-carrying"  a 
calibrator  (dtaerata.  ar  wida-band.  la  tha  varlana  atatlona  attolnatao  whatavor  alight  dlftaraneaa 
might  aalat  bittiim  individual  callbratlan  aqulpONni. 

If  ralatlvoly  taw  mlartphana  autlona  (a.g.  li  ara  uaad  each  dato  toannal  can  to  equipped  with  lu 
own  PMJI.  It  many  nlcraphanaa  ara  uaad  (a.g.  0  a;-  moral  tha  uaa  of  Individual  POUIo  would  to  a 
rnihar  awpanalva  undart  ahlng  and  uaa  at  a  multi-channel  atgnal  candltlanar  would  to  a  batter 
appranoh. 
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If  Miiy  ohMHwU  •!«  to  ko  rocordod  and  awnlMfodi  It  M  MiproeUeol  to  wriu  down  all  ialn» 
aottinga  far  oaeh  ehannol  awnually.  aopaclally  It  gain  aoitinga  havo  to  bo  ehangad  froquontly  for 
auccoaalva  fllghta  at  difforont  holghta.  In  that  caaa,  a  gain-aotting  printer  aheuld  bo  connoctad  to 
tha  algnal  eonditlonor. 

In  addition,  a  haad>aat  oMnltor  ahould  bo  connoctad  to  Uio  KLM  output  or  to  an  appropriato  output 
eonnactor  on  tho  tapo  raeordar.  Thia  la  hdipful  for  tha  toot  onginaor  to  acouatlcally  nwnitor  In- 
eoailng  aignala  "by  oar",  ainca  •  If  Inalda  tho  control  van  •  ho  would  not  nonaally  havo  vlaual  or 
acauatic  contact  with  tha  approadiing  taat  aircraft.  Alao,  tha  volea^lerophona  for  annotation  on  tho 
cua-traek  of  tha  tapa  raeordar  would  hava  to  ba  activalad  with  a  awitch  to  allow  tha  altarnala  re¬ 
cording  of  a  voica  annotation  and  tha  tloM-coda-ganaralor  algnal  on  that  auata  track. 

If  only  jno  multi-track  tapo  raeordar  la  uaad,  aynchrooltatlon  batwoon  tha  acouatlc  maaauromant 
atatlen(a)  la  no  probiaa.  If,  nowavar,  aavaral  autonomoua  acouatlc  amaauromont  aiatlona  ara  uaad, 
each  atatian  conatitutoa  an  amity  In  ttaalf  that  muat  ba  aat  up  Individually.  Typically,  tha  PSLM, 
tha  (t-  or  4-track  I  tapa-rocordar.  and  tha  graphic  laval  raeordar  will  bo  placed  on  aoma  flald-lab 
table  with  a  protaetiva  ahading-umbrolla  aoma  diatanca  (10  m  to  15  ml  away  from  tha  microphone/ 
powar-aupply  aaaambly  to  aiiaura  the  75*  or  80*  non-raflacting  cone  around  tha  microphone  vertical. 
Tha  only  diffaronca  than  la  that  time  aynchronliition  between  tape-racordara  muat  ba  eatabliahad,  aa 
will  ba  diicuaaed  In  tha  following  lecliont. 

Setting  up  Tlom  Svnehronlaatton 

Tima  aynchroniaation  muat  ba  eatabliahad  between  the  various  acoustic  measurament  stations,  the 
aircraft  tracking  atationa,  the  mataorological  atationa  and  the  aircraft  cockpit  and  -  if  applicable  - 
the  air  traffic  control  lower.  Although  Universal  Time  fUTC)  or  Greenwich  Mean  Time  (GMT)  are 
continuously  broadcaatad  by  radio-stationa  in  Aiaarica  and  in  Europe,  these  signals  are  influenced 
by  alaelromagnetie  diaturbancaa  with  ensuing  variations  in  signal-to-noiaa  ratio.  Thera  ara,  how¬ 
ever,  geostationary  satellite  ayatama  from  which  signals  from  a  ground  station  are  relayed  back  to 
ground.  In  the  United  States  these  ara  continually  synchronised  with  tha  National  Bureau  of  Stan¬ 
dards  time.  Tha  equivalent  in  Europe  is  aynchroniaation  with  the  time  standard  of  the  German 
'Phyaikaliach-Tachniacha  Bundeaanaialt' . 

Thia  tima  signal  can  ba  encoded  for  recording  on  a  tape-track  using  an  appropriate  format,  such 
as  the  IRIQ  ("Intar-Rarga  Inatrusiantation  Group")  tinm  coda.  The  "IRIG  Time  Code  B"  is  most  wide¬ 
ly  used  for  aircraft  tinm  synchronisation.  It  usaa  a  1000-Ma  carrier  frequency  with  a  1-aacond  time 
frame  containing  100  tona-bursla  to  provide  a  raaolution  of  1  ms.  The  radio  racaivar  in  the  control- 
van  can  pick  up  tha  signal  and  convert  it  to  an  amplitude  auidulatad  1000-Ha-wsva.  Tha  master 
tape-recorder,  tha  autonomous  tepe-racordar  stations  and  tha  tracking  stations  must  each  have  their 
own  time  coda  generator.  A  portable  time-coda  generator  -  synchronised  with  the  master  time  code 
generator  in  the  control  van  -  can  than  be  carried  to  each  measurement  station  (or  initial,  and 
alao  (or  subsequent  rei>aated  synchroniiatlon  among  all  the  time-coda  generators  used.  A  lime  code 
reader  will  be  required  for  data  procesaing  latar. 

Eatabitahtng  Badto-Csauaunicatloii 

The  following  radio  eammantcation  links  with  one,  two  or  three  specially  licensed  receive/transmit 
VHP  channel  frequenclea  (in  the  50  HHs  to  300  MHa  range)  should  be  available  for  transmission 

o  from  the  control-van  to  the  taat  aircraft  and  to  the  meteorologial  aircraft  and  vice  versa; 
a  from  the  control-van  to  tha  acoustic,  the  tracking  and  the  mataorological  stations  and  vice 

versa; 

a  far  the  ground  paraannal  amangat  thaaMalvea; 

a  from  tho  control-van  to  the  air-traffic  control  tower  end  vice  versa. 
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Hm  Mlawlng  r«a«lv*-Mily  Hnkt  would  bo  foquirod.  In  ordor  lo  oMnttor  (on  oolotlnn  fro^uoncy 
bondo) 


0  eoMMunlcnUon  botwoon  toot  oiroroft  nnd  lowort 
o  eoMOMnleotlon  of  oir  trnffte  eontroli 
0  ooaMooniooUon  of  iround  troffle  control. 

Non 00,  awroNTlato  odoeUl  ndto  nwinunleotlow  ooulpowni  lo  to  bo  ooi  up  In  tho  control  van.  In  tbo 
loot  and  oMMorolotloal  aircraft  and  at  tho  varloua  outbound  otatlono. 

■otttna  UP  Tracblna  toulpwont 

llpoelal  roqulioaonto  aro  to  bo  oboorvod  in  oottlng  up  ony  owbllo  traekinf  ooulpmont.  Indopondontly 
it  which  ayataai  la  uaad  (o.g.  blnothaodollto,  laaar,  or  traehint  radar)  Ita  pooltlon  with  roapoet  to 
tho  goo-atatlanary  eeerdlnato  ayatoai  nuot  bo  earofully  daiarmltiod.  Alao,  earoful  lovollnc  and  dotor- 
mtnatlon  of  ayataawtle  arroro  la  paraatount,  alnea  dovlatlona  of  tho  ordor  of  fracilono  of  a  dogroo 
will  roault  In  grooo  tracking  orrora.  Such  arroro  night  rooult  froai  boroalght  aala  colllnatlon 
arrora,  rango  blao,  and  lovoling  nlaallgnnont.  All  thoao  ahould  ovonlually  bo  taken  Into  account  in 
tho  ovaluatlon  procaaa. 

It  pomanontly  inatallod  ayatona  aro  avallablo,  aay  near  airporta,  the  inpertant  eoordlnataa  aro 
alroady  proclaoly  known,  ft  moblla  or  portable  ayatona  aro  uaod,  coordinato.,  can  bo  frooly  aoloct- 
od;  to  taellltato  tho  trajoctory  data  analyaia  in  eaao  of  a  tako-off  or  landing  flight  procoduro,  tl 
would  than  bo  advaniagooua  to  aoloct  tho  coordinato  ayaloia  (In  which  data  aro  proaontod)  to  coin- 
eido  with  tho  runway  cantor  lino,  and  a  lino  vortical  to  tho  runway  cantor  lino. 

Modom  trajoctory  awaauranonl  ayatona  aueh  aa  klnothoodolttoa  and  tracking  radar  aro  uaually 
osuippod  with  tiOM  aynchronlaatlon.  If,  for  oaanplo,  aovoral  klnothoodolttoa  aro  uaod  In  a  eorttti* 
cation  toat  it  ia  advantagooua  to  aynehronito  both  by  triggering  thorn  at  rogulor  Intorvala  utilising 

tho  saan  tlsM  baao.  Tho  trigger  pulao  could  thon  also  actuate  a  fllm-framo  counter  In  each  kinv 

thoodsllto,  auch  that  each  fraaw  nunbor  would  now  alao  bo  a  noaauro  of  ttaw. 

Since  proelao  time  aynchronlaatlon  Is  of  tho  utnoat  importanco  for  tracking,  the  tlmo-inatancos  of 
shuttor-oporation  (if  still-pteture  caanraa  aro  used)  nuat  bo  relayed  to  tho  naator  tape  recorder  by 
awana  of  aignal  cables  or  by  radio.  Likowiao,  kinothoodoiito  tisMt  aignala  for  each  of  tlw  fllai- 

frasaoa  aiuat  bo  trananittod.  If  continuoua  tracking  by  laaar  or  radar  oqutpnont  is  uaod,  the  tine- 

coda  aignal  ia  rocordod  and  plotted  In  real  tlaw  with  tho  flight-trajectory  coordinates,  baser  or 
radar  oquipnont  will  usually  bo  aovoral  hundred  nolora  away  fron  tho  ground  track  and  will 
thoroforo  not  conatltuto  a  raflocting  aurfaea  to  bo  concomod  about. 

Sattlna  up  Motooroloaical  Iqulpnont 

For  ease  of  handling,  a  10  n  high  weather  aiaat  -  usually  consioting  of  aovoral  toloscopic  aactiona 
to  bo  cranked  up  towards  full  length  -  Is  often  awuntod  on  a  trailer,  Toloscopic  configurations  pro¬ 
vide  good  awchanleal  stability;  othsrwiso  stabilising  wires  will  bo  nocosoary.  Tho  woathor  autai 
should  bo  poaltlonod  eloao  to  tho  awasuring  microphones  (but  not  toe  close  because  of  posaibla 
ronoetloaa)  and  oomo  dlatanoe  away  (100  to  SOO  m)  from  tho  (hoat-produclng)  control— van.  Tho 
awtaorolagical  moaourlng  Inatrumonta  ahould  oporato  continuously  from  tho  start  of  tho  day,  so  that 
any  gross  changoa  In  atawaphorlc  conditions  during  tho  actual  testing  will  bo  iauaodlately 
apparent. 

Woathor  stations  close  to  tho  ground  arc  somowhat  oaaior  to  handle.  ANNgX  16  requires  that  for 
Chaptor-6  and  Chsptor-10  typo  maaauroawnts  atawsphorlc  information  bo  gathered  at  l.S  or  S  m 
abovo  ground. 


If  mattorologlcal  data  aloft  are  meaaurtd  by  a  tatharad  radio  aonda,  itt  launch  atatlon  ahould  be 
prepared  in  advance  of  the  test.  This  station  ahould  again  be  sufficiently  far  away  from  the  cen¬ 
tral  acouatic  nMasurement  atation  to  avoid  noise  contamination  and  refleetioiw. 

Settina  up  an  Approach  Guidance  System  . 

Landing-apprpaeh  noise  testJ  where  a  specified  descent  angle  must  be  maintained  precisely  require 
excell'eiit  ground  baked  guiding  systems  for  the  pilot.  For  helicopter  approach  noise  tests,  a  fre¬ 
quently  used  m.'thod  involves  the  operation  of  two  "Preciaion  Approach  Path  Indicators  (PAPI)".  The 
type  2/Mark  5  cf  the  BARREL  LIGHTING  Co.  Ltd.  (Fta.  3.42)  is  a  portable  version  of  such  a  PAPI. 

This  particular  instrument  pro¬ 
jects  two  beams  of  light  towards 
the  approaching  aircraft.  The  two 
projection  lenses  are  arranged  in 
the  vertical;  here  the  top  light- 
beam  is  white,  the  lower  one  red. 

For  visual  pilot  guidance  two 
PAPIs  are  required.  The  two  units 
are  arranged  to  the  left  and 
right  of  the  approach  path  cen¬ 
terline,  equi-spaced  several 
meters  (e.g.  5  m)  to  either  side 
of  the  approach-path/ground- 
plane  intersection.  One  unit  is 
adjusted  vertically,  such  that  the 
red/white  boundary  is  at  the 
lower  limit  of  the  desired 
approach  angle  (usually  0.5°  from 
the  nominal,  e.g.  6.0°  -  0.5°), 
the  other  unit  at  the  higher  limit 
(e.g.  6.0'  +  0.5°) 

The  approaching  pilot  will  then  see  one  red  tight  and  one  white  light  if  he  is  within  the  glide- 
slope  limit;  he  will  see  two  whites,  if  he  is  too  high;  he  will  see  two  reds,  if  he  is  to  low. 
Following  these  guide-lights,  the  pilot  can  now  readily  adjust  his  descent-slope  to  within  the  limits 
of  the  selected  glide  slope. 

The  two  PAPIs  must  of  course  be  aligned  in  the  direction  of  the  flight  track.  This  alignment  is  not 
very  critical  and  may  be  done  "by  eye"  using  for  example  the  center  microphone  position  as  a 
reference.  Aligning  the  units  in  the  vertical  plane  must  be  done  much  more  carefully.  This  is 
achieved  with  a  built-in  inclinometer  which  is  accurate  to  one  or  two  minutes  of  arc.  Also,  the 
PAPIs  must  be  mounted  on  a  rigid  support.  If  this  support  structure  is  laid  on  soft  ground,  it  may 
sag  in  the  course  of  time.  A  mlsalignement  by  1  or  2  degrees  will  already  produce  significant 
errors  in  the  results.  It  is,  therefore,  advisable  to  check  the  alignment  frequently. 

Westland  Helicopters  Inc,  |20|  has  shown  that  the  actual  approach  angle  can  deviate  by  much  more 
than  O.S  degrees  when  such  a  PAPI  is  used,  as  illustrated  in  Fig.  3.43.  Although  the  PAPIs  are 
aligned  to  6  +/-  0.5  degrees,  the  dotted  lines  show  that  the  actual  approach  angle  can  actually 
vary  between  8  and  10  degrees  even  when  the  PAPI  Indicator  otherwise  works  perfectly  correct 
throughout  the  aircraft  approach. 

This  shows  that  a  PAPl-system  is  really  not  capable  of  meeting  the  moat  stringent  tolerances  that 
are  required  at  present. 
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Fig.  3.43  Poasibl*  flight  path  devlatlMia  hf  battraan  8.0*  amd  10.0*  with  doubla  PAPI  ayatam 
aat  at  angle  9.0*  V-O.S* 


The  Control  Van 


The  control  van,  houaing  the  maater  control  and  eommunlcatlona  cantar,  will  contain  all  acouatic 
recording  and  in-the-field  analyaia  equipment,  the  tlme-aynehronlaatlon  equipment  and  the  lead-outa 
for  meteorological  information.  The  teat  engineer  ia  in  radio  eontaot  with  each  autonoeiouB  acouatic 
meaaurement  atation,  with  each  tracking  atation,  with  the  pilot  and  obaarver  in  the  teat  aircraft 
and,  aa  the  caae  may  be,  with  the  air  traffic  control  tower.  It  may  be  neceaaary  to  air-condition 
the  van,  not  ao  much  for  peraonnel  comfort  but  for  equipment  tamparatura  reliability. 


3.6  Teat  Baecutlon 


The  detalla  of  the  nolae  certification  teat  will  to  aome  extent  depend  on  the  type  of  aircraft  (fixed 
wing  propeller,  fixed  wing  Jet,  or  rotorcraft)  and  on  the  particular  procedure  (take-off,  level  fly¬ 
over,  approach).  In  general,  however,  noiae  certification  teata  have  much  in  common,  and  the  pro¬ 
cedural  aapecta  aa  diacuaaed  below  are  eaBentially  relevant  to  all  typea  of  aircraft  noiae  teatlng. 
Aa  atated  above,  data  to  be  taken  fall  into  the  four  following  categoriea 

o  acouatic, 
o  aircraft  operational, 
o  aircraft  tracking,  and 
o  meteorological. 

Prior  to  all  taating,  a  wall  thought  out  and  aufflclently  detailed  teat  plan  and  teat  matrix  muat  be 
eatabliahed  and  dlatrlbutad  to  all  eoneemad.  Alao,  a  thorough  pre-teat  briefing  muat  be  held,  ao 
that  everybody  fully  underatanda  what  ia  required  and  what  are  hla  or  her  apectfic  taaka.  Specifi¬ 
cally,  the  ground  teat  craw  (acouatic,  meteorological,  and  tracking)  and  the  teat  pilot  and  the 
obaerver  muat  be  thoroughly  informed. 


S.6.1  AcotiaUc  Pnta  Acgulaltiop 
(a)  Tape  Selection 

Enough  high  quality,  low-nolae  tape  to  cover  the  entire  expected  teat  duration  ahould  bo  readily 
available.  The  typical  14-channal  tape-recorder  requlrea  1-lnch  tape,  which  cornea  in  reala  of  8, 
10,  18,  and  IS  inch  diameter.  In  a  typical  aircraft  noiae  teat  the  hlgheat  frequency  of  Intereat  will 


b«  at  laait  10  kHii  rora  oftan  13>B  kHt;  tha  tapa  apaad  ahould  than  ba  no  laaa  than  15  in/at  It  ia 
datirabla  to  amploy  long  tapaa  to  allmtnata  fraquent  changaa  during  a  taati  Changaa  will  not  only 
raquira  racalibration  but  can  alto  ioopardiia  comparability .  at  thara  ara  differancaa  in  tha  alactro- 
magnatic  prapartiaa  of  tapa  of  up  to  1  dB.  For  aadt  tapa  thaaa  mutt  ba  datarminad  through  prior 
calibration. 

If  aavaral  autonomoua  2-  to  4-track  tape-racordara  ara  utad  inataad  of  ono  cantral  multt-channal 
tapa-racordar,  thaaa  would  typically  taka  1/4-inch  tapa.  Again,  tha  tapa-apaad  will  be  dictated  by 
tha  frequency  range  of  intaraat,  although  now  tha  tape-length  la  much  lata,  requiring  more  frequent 
tape-changea.  It  la  good  practice  to  atart  all  individual  tape  recordart  aimultanaoualy  with  a  new 
real,  ao  that  changing  the  raalt  can  occur  on  all  tapa-recordara  at  the  aame  time.  The  neceatary 
oallbratlona  can  then  occur  aimultaneoualy  while  the  flight  teat  ia  interrupted. 

(b)  In-the-flald  Syatem  Calibration 

All  electronic  aquipment,  i.e.  microphonea,  power  aupplloa,  preclalon  aound  level  metera,  tape-racor- 
dart,  graphic  level  recordert,  monitoring  oacilloacopea  and  analytara  (if  uaed  in  tha  field)  ahould 
be  awltchad  on  at  laaat  IS  mlnutaa  or  batter  atill  one  hour  prior  to  the  start  of  testing  to  allow  for 
a  sufficient  staollisation-perlod. 

Tha  maasuramant  chain  in  its  entirety  ahould  then  be  calibrated  by  mepna  of  (preferably  only  one) 
piatonphona  for  discrete  frequency  (sinusoidal)  response  at  -  if  possible  -  several  frequencies.  The 
platonphona  is  slipped  over  the  (live)  microphone  cartridge  after  removing  the  wind-ball  and  held 
there  by  (a  steady)  hand,  while  each  calibration  tone  la  recorded  for  a  period  of  15  to  30  seconds. 
The  gain  settings  ahould  be  written  down  and  annotated  on  the  voice  track.  It  ahould  ba  ramambar- 
ed  that  the  output  of  a  platonphone  depends  on  the  ambient  pressure  which  must  therefore  alao  be 
recorded. 


An  in-the-fiald  pink-noise  calibration  for  overall  frequency  response  is  also  advisable,  if  only  to 
check  whether  tha  system  response  has  stayed  the  same  since  the  preparatory  laboratory  calibra¬ 
tion,  In  that  case  tha  pink-noise  generator  will  be  connected  to  a  dummy-microphone  after  removing 
the  microphone  cartridge  and  a  recording  made  on  the  data  tape  track. 

In  addition  to  recording  the  platonphone  signal,  its  level  should  also  be  monitored  at  instruments 

within  the  measurement  chain,  notably  at  tha  sound  level  meters  and  at  the  indicator  Instrument  on 
the  tape  recorder. 

Such  calibrations  ahould  be  repeated  at  appropriate  time  intervals;  in  any  case,  however,  at  the 

beginning  and  at  tha  end  of  each  data  tape  and,  for  long  tapes,  even  In  between. 

(c)  Grt)imd-crew  Briefing 

On  the  basts  of  the  test  matrix,  the  test  engineer  will  brief  each  of  the  ground  crew  members  about 
the  sequence  of  events  prior,  during,  and  after  each  flyover  occurs.  It  should  in  particular  be 
made  clear  how  the  approaching  aircraft  will  be  announced,  how  gains  must  be  sat  on  the  instru¬ 
ments,  how  the  test  must  be  annotated  on  each  of  tha  tape-recorder  voice  tracks,  what  Information 
should  be  written  down  (preferably  on  prepared  note-pads),  whan  to  switch  tha  instruments  on  and 
offi  when  and  how  calibrations  should  ba  conducted  and  what  kind  of  immediate  response  is  expect¬ 
ed  right  after  tha  flyover. 

Similar  briefing  information  must  be  given  to  the  tracking  personnel. 

(d)  Neil  Beoorimui 

Badi  Mdse  test  -  requires  a  sufficiently  detailed  test  matrix,  available  to  all  test  participants. 
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Including  th«  plleta.  A  tMt-numb«r  muni  b«  aMigncd  to  onch  taat,  to  b«  montlonod  on  tho  voieo 
trneko  of  all  tap*  raeordait  prior  to  tho  avont. 

Aa  had  boon  dlacuaatd  in  pravtoua  aaetiona.  U  la  of  groat  Importanea  to  anauro  adaquata  gain 
aettlnga  for  all  Inatrunanta,  taking  Into  account  tha  charaetarlatlca  of  tha  oxpaetod  algnal. 

Obvtoual/,  a  aufficiantly  large  margin  balow  tho  ovorload  condition  la  alwaya  nacaaaary;  howavar 

for  a  prodomlnantly  broadband  algnal,  auch  aa  for  a  jat-propallad  aircraft,  a  amall  margin  will 

auffica  while  for  a  atrongly  Impulaiva  aound  typo,  auch  aa  from  a  halleoptar  under  a  blade  alap 
condition  a  larger  aafaty  margin  will  be  roquirad. 

Preferably,  the  optimum  gain  aattlng  for  each  acouatic  maaauramant  atatlon  should  be  datarmlnad 
during  prior  test  flights.  Such  preparatory  flights  are  usually  made  anyway,  as  tha  pilot  will  want 
to  practice  tha  test  procedure.  If  that  Is  not  possible,  astlmatas  of  tha  expected  sound  level  could 
serve  to  initially  adjust  the  gains.  The  levels  to  be  expected  can  often  bo  taken  from  tests  on 
simitar  aircraft.  As  a  very  coarse  gulde~l*ne  the  following  figures  can  be  used:  a  light  propeller- 
driven  aaroplanu  at  300  m  height  would  produce  between  TO  and  80  dB(A),  as  will  a  helicopter  at  a 
flight  height  of  ISO  m. 

The  corresponding  levels  for  subsonic  Jet  aircraft  may  range  somewhere  from  80  to  90  dB,  for 
flyover,  sideline  and  approach  (Note,  that  these  are  A-welghted  levels,  which  are  of  interest  In 

setting  the  gains  In  the  field,  rather  than  any  BPNLs,  which  do  not  allow  a  gain  aattlng  in  the 

flaldl). 


Immediately  before  the  actual  test  flight,  the  teat  engineer  should  announce  the  upcoming  test  num¬ 
ber.  the  direction  from  which  the  aircraft  will  approach  the  measurement  stations  (If  a  "to-and-fro" 
type  night  test  takes  place)  and  should  cheek  with  each  of  the  outside  stations  to  make  sure  they 
are  ready  for  data  recording;  he  should  also  check  whether  the  pilot  is  ready,  and  alert,  as  the 
case  may  be,  the  air-traffic  control  tower  about  tha  upcoming  test  night.  If  everything  is  ready, 
the  test-pilot  gives  a  warning  just  before  the  beginning  of  the  test.  The  test  engineer  will  then 
alert  all  test  stations  (including  the  tracking  stations)  and  Issue  the  command  to  switch  on  all 
recording  Instrumentation. 


The  recording  should  start  well  before  tha  noise  from  the  approaching  aircraft  emerges  from  the 
backgreund  noise  and  should  continue  until  the  aircraft  noise  Is  well  below  the  background  noise. 


as  Illustrated  in  ThU  practice  also  provides  an  Indication  of 


the  background  noise, 
which  should  be  care¬ 
fully  monitored  by  the 
test  engineer.  The 
broadband  (unweight¬ 
ed)  noise  signal 
should  at  the  very 
least  exosed  the 
broadband  background 
noise  by  15  dB.  This 
must  be  considered  to 
bo  marginal,  since  the 
“Id-dB-down  polnta" 
must  be  at  least  8  dB 
above  the  ambient 
noise.  It  should  be 
recalled  that  for  the 


Pig,  3.44  Rscei^lng  tine  sequence 


■PNL-oenputatlon  the 
lO-dB-down-polnta  of 
tho  'naxlnum  tone- 
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corrAt*d  P«rc«W«d  NoIm  Laval',  PNLTM,  ara  raquirad  for  data-proeaaaiiit  (aaa  AppandU  A  to  thla 
AGARDofraph).  If  tha  dlffaranea  batwaan  (tha  raadtly  availabla)  maximum  A-walghtad  aignal  lavel 
and  A-waightad  baokground  netaa  baoomaa  laaa  than  IS  dB  during  tha  taat,  than  tha  taat  angtnaar 
muat  daclda  *«hathar  to  oontinua  or  to  tarminata  taatlng.  Prior  to  racording  tha  flyovar  noiaa  tha 
anginaara  at  aach  of  tha  autonaawua  aoouatic  maaauring-atationa  ahould  annotata  on  thair  tapa 
raoordara  tha  upc  aing  taat  numbar,  tha  tima,  tha  flight  diroetion  (a.g.  Eaat-Waat,  or  flight 
diraction  >T,  or  approaching  from  auch  and  auch  a  land  mark)  and  all  gain  aattinga  on  tha  aound 
)aval  matara  (or  whatavar  aignal  conditioning  Inatruaaant  ia  uaad).  Radundancy  of  Information  la 
cartainly  good  practical  Aftar  tha  taat  aaroplana  haa  ovarflown  tha  amaauramant  atationa,  aach  of 
tha  outalda  taat  anginaara  muat  raport  to  tha  control  van  that  tha  aircraft  flyovar  noiaa  haa 
aubmargad  into  tha  background  noiaa  and  watt  for  tha  ooaunand  to  awltoh  off.  Tha  taat  anginaar 
than  inquiraa  at  aach  outalda  atation  about  tha  acoaptablllty  of  tha  data  and  tha  oocurranoa  of  any 
problama.  Ha  would  furthar  aak  tha  taat  pilot  on  board,  if  angina  and  othar  flight  oparattonal 
paramatara  hava  baan  within  apactflcatlona.  If  tracking  information  ia  raadily  availabla,  a.g.  whan 
a  Polaroid  pictura  or  a  raal-tima  laaar  tracking  ara  uaad,  ha  can  than  proclaim  tha  flight  a  "valid 
ona",  and  -  unlaaa  a  aufflciant  numbar  of  valid  flighta  hava  alraady  baan  flown  -  call  for  tha  next 
taat  flight.  The  teat  aircraft  would  than  althar  propara  (or  an  approach  of  tha  amaauraamnt  atation 
from  tha  other  direction  (if  it  waa  a  level  flyover)  <Mr  intercept  whatavar  climbing  or  doacanding 
flight  path  waa  apaciflad  in  tha  taat. 


3.8.2  Fltnht-oparaUnnal  Conaldarationa 

(a)  Pilot  Briefing 

Tha  taat  pilot  muat  know  tha  required  aattinga  of  angina  paramatara  and  tha  flight  trajectory  to  be 
followed.  Tha  following  ahould  be  conaldered  aa  a  typical  pilot  briefing  partalnlng  -  in  thla  caae 
-  to  a  Chaptar-8  helicopter  noiaa  eertiflcatton  teat.  Here  tha  pilot  la  informed  about  the  detalla  of 
the  take-off  procedure,  tha  level  flyover  procedure,  and  the  landing  approach  procedure  (for  refe- 
ranca  aaa  Section  3.7).  Hia  (written)  Inatructiona  will  include  tha  following  information: 

o  Take-off  procedure ; 

-  approach  the  rotation  point  at  an  altitude  of  20  m  (66  ft); 

-  maintain  a  atable  alrapood  of  V-  3  knota  throughout  tha  entire  flight; 

-  maintain  a  atable  rotor  apaed  at  maximum  (top  of  green  arc)  normal  operating  RPM; 

-  begin  climb-out  with  take-off  power  at  the  dealgnated  marker,  maintaining  the  preacribed 
atabiliaad  alrapajKl  and  rotor-RPM; 

-  continue  tha  atabiliaad  cllmbout  until  informed  by  tha  taat  engineer  that  the  teat  ie  over, 
o  Level  Flyovar; 

-  paaa  over  the  oanter-lina  microphone  at  a  height  of  600  ft; 

-  atablllae  alrapeod  at  90%  V^; 

-  atabiliaa  rotor  apaod  at  maximum  normal  operating  RPM  (top  of  green  arc); 

-  maintain  thaaa  oondltiona  from  800  m  befora  to  500  m  after  flying  over  the  center 
awaauramant  atation. 

0  Landing  Approach; 

-  maintain  a  ataady  approach  angle  of  e*+/-0.5*  aa  indicated  by  the  PAPI-ayatam; 

-  atabiliaa  alrapaad  at  V^; 

-  atabiliaa  rotor  apaed  at  maximum  normal  operating  RPM  (top  of  the  green  arc); 

-  coaimanaa  approach  at  780  ft  above  ground  lave)  and  oontinua  until  reaching  100  ft  above 
ground  level.. 
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(b)  Co-P>let/ObMrvT  Brltfliut 

UnlMS  th«  earttflcatlon  tMt  involvM  a  vary  amall.  U(ht  propaltar  driven  aeroplane  aueh  aa  a 
powered  glider  there  Wilt  uaually  be  an  observer  to  aaiiat  the  teat  pilot.  The  obssrver  will  monitor 
cockpit-inatrumentation  data.  In  the  caaa  of  a  helicopter  there  will  be  torque,  rotor-RPM,  indicated 
airspeed,  outside  temperature,  indicated  rnte-of-cllmb  or  descent  and  flight  altitude  (although  on¬ 
board  altitude-information  ta  not  used  for  data  evaluation,  it  should  be  recalled  that  ANNEX  speci¬ 
fies  an  aircraft  independent  fhght-height  determination).  The  observer  will  further  monitor  the 
fuel-gauge  to  warn  when  the  aircraft  weight  drops  below  a  critical  value. 

All  thia  information,  idantlflad  by  the  test  number  and  the  tinw  corresponding  to  the  flyover-instant 
above  the  central  meeauremant  station  should  be  written  on  a  note-pad.  A  typical  page  from  such  s 
nots  pad  of  a  helicopter  noise  test  is  reproduced  in  Fl«.  3,45.  It  shows  columns  for  run-number, 
time,  weight  in  terme  of  fuel  remaining,  indicated  airspeed,  tjtor  RPM,  torque  (in  terms  of  %  of 
the  maximum),  flight  altitude,  rate  of  climb  or  rate  of  descent,  outside  temperature,  as  well  as  a 
column  termed  "Remarks".  This  latter  column  can  be  very  valuable  in  the  data  evaluation  process. 
For  example,  observer  remarks  such  aa  "cross  wind  too  high",  "lots  of  turbulence;  speed  build-up 
slow",  "bumpy  over  center  mike",  "badly  stabilised,  lots  of  control  req'"  etc.  are  quite  helpful  in 
the  later  interpretation  of  data. 
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Fig.  3. 45  Typical  "flight  log"  as  generated  by  obeerver/co-pllot 


Instead  of  writing  down  information,  a  camera  is  often  used  to  take  pictures  of  the  cockpit  inatru- 
asantation  at  predetermined  tiam  intervals  or  following  specific  commands  from  the  test-engineer  on 
the  ground.  Mora  eonvanlentty,  pictures  can  be  obtained  automatically  either  by  means  of  a 
eine-caamra  taking  a  picture  every  1/2  or  1  second  or  by  a  vidao-canwra.  TlSM-infonaation  should 
appear  on  the  picture  fCaaws. 

(c)  Wetaht  Watching 


If,  far  whatevar  idiMA,  many  mn  Uwl  fllgMa  are  rsquirad  than  apaeiftad  aa  mtniaMM  numbar  It 
may  be  naoaaaary  eithar  to  refuel  ar  to  add  ballaat  If  the  specified  flight  maae  falls  belew  the 
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•ttowabi*  ■laimm  iMn  U.c  10ft  b«l«w  M«iaua).  !■  a  ■a4tMai-«ai|lit>halieoptar  taat,  for  axaaipla, 
tt  ean  ba  aatsaaary  la  add  ballaat  (aucb  aa  laad-tranalata  bafa)  avary  hoar  oi  flithi  Uaia  and  (a 
rafbal  avaiy  third  atap  to  Maintain  tha  apoeifiad  flight  Maaa. 


3.8.3  Mataaaelaalaal  PaU  AcowlalUan 


Dapanding  again  on  tha  tachnieal  aophiatioation  of  tha  taat,  ground-atataorological  data  from  a  3-m 
or  a  UMt  polo  ara  aithar  raeordad  autoMatieally  or  ara  writtan  down  from  vlaual  raadinga.  Slnca 
a  too  high  wind  apaad  or  eroaa-wind  eomponant  will  tnvaltdata  tha  taat  flight,  aueh  Infonaatlon 
Muat  ba  raadily  aaailaMa  to  tha  flight  taat  anginaar.  Haaea  tha  80  aaoonii  avoraga  wind  apaada  Muat 
ba  aotad  at  tha  iaatant  of  flight  ovar  tha  cantor  Maaauriag  atatlan.  A  typical  nota-pad  paga  la  ra- 
prodacad  in  fid.  3.43.  ahowiag  colunma  for  tiaa,  run-nuabar,  ralattva  huMidity,  air-toMparatura, 

wind-apaad,  wind  dirac- 
tion,  flight  diraction  and 
eroaa-wiad  apaad.  Siadlar 
liatinga  would  ba  nada 
for  air-praatura;  thara 
raadinga  avary  IS  minutaa 
would  auffico. 
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3.3.4  Aircraft  Trmcittaf 

To  aatabliah  tha  validity 
of  a  taat  flight,  it  ia 
alao  important  to  hava 
flight  trajectory  infor¬ 
mation  availabla  to  tha 
flight  taat  anginaar  in 
"raal  tiaM".  Aa  had  baan 
diacuaaad  pravioualy ,  tha 
laaar-trackor  and  track- 
ing-radara  ara  tha  only 
ayatama  that  provida  auch 
information  inatantanaoua- 
ly.  Buoh  aophiaticatod 
tracking  awthoda  (aa  do- 
acribad  pravioualy  in 
Sactien  3.3.1  wharo  a.g. 
onboard  procaaaora  pro¬ 
vida  ad-hoc  guidance  on 
tha  flight  path  far  tha 
pilot)  can  ba,  and  nor¬ 
mally  ara,  uaad  in  any 

cca^trahanaiva  and  involvad  noiaa  cartifieation  taata  of,  aay,  aubaonic  )at  aircraft  or  heavy 
prapallar-drivan  aaroplanaa.  A  laaa  aophiaticatod  mat)Md  Altat  provldaa  almoat  inatantaaaoua  infor¬ 
mation  ia  tha  polarotd-baekad  atiU-pteturo  oaawra;  tha  caawm  aparator  ean  daiatmina  the  height  of 
the  aircraft  by  maana  af  a  aMgntfytng-ianda  ratieia  reading.  Tfiia  can  ba  achieved  wMiin  ana  or 
two  miauta*  fainoo'  davalapmant  of  tha  inataat  picture  takea  batwaan  1/1  and  1  minuto,  dapanding  on 
tha  outaida  tamparaiura).  Thia  ia  actualiy  gulia  long,  ainea  a  imiiaaplar  or  a  light  prcgallor-drivaa 
aaraglana  can  tarn  far  the  aaat  teat-flight  in  iaoa  than  that  tima  apan.  Btili,  tha  other  ayatoam, 
aaah  aa  ktnaihaodaittaa,  raguira  off-line  praaaaaiag.  It  ia,  tharofara,  a  gaad  idea  la  hava  at  laaat 
ana  peiaratd  eamara,  raduadant  to  tha  ether'  tradktaf-aqulpdont,  ta  gramida  tdjMantaaaaua  tracking 


rig.  3.44 


Typical  note-pad  page  from  awtaorological  ground 
atation 


H 


ThnMnc  >  MM«  •Umt  IM|IS«  •  tnliMMUM  M  «rw»d  »  tapwtMt  la»w«  t*  mm- 

PMtt  I)M  im.  ItM  Uw  «lnpMd  MMMtMi  fNa  •M-bMTtf  iMUMMitt.  M  fM  oUmt  kMd.  it  an 
tiVariMt  parMNMT  i*  eam^Mt*  Mart  wi—fcar  aatf  tha  a*raiwtag,  ar  hallaal  bla«a  tt»  Maab-nuahara 
far  halleavtar  ralara  and  aircraft  prapallara. 


a.«  lan  Awtoito 


TbU  aaeUan  daaniir**  tha  paal  ttat  anatyata  af  tha  aeauatla  data,  tpaalflaally  tha  datanatnattan  af 
atthar  a  naaaiMMB  h^aal^hiad  tlpaaar  Mlaa  laaal*.  aa  raaattad  far  tha  nataa-carttfleatian  af  light 
prapatlar-dHaan  aaraplaaaa  (ANNEX  Chaptara  «  and  10).  ar  an  'llhiAlia  ftraaiaad  Matoa  t«aal'  lor 
haliaaptar.  haavy  prapallar-drivan  aarapUna  and  aubaanla  )at-alreraft  (ANNEX  Chaptara  8  and  3) 
nalaa  oartlflaatlan.  In  tha  eauraa  af  thta  tacttaa.  It  will  ha  daaMnatratad  how  tracking  and  Mtaaro- 
lagleal  InfarMtlan  la  uUllaad  to  eorraet  flight  notaa  daU  towarda  ralaranea  oandltlona. 


-  nn—ii— 11—  af  tha  Cartlflanttaw  awalaaM  A-wal^itad  n»aaar  Wataa  Uaal 


Tha  flrat  aeouatie  Infoniatlon  avatlabla  aftar  cowplatton  of  a  toat  aarlaa  la  probably  tha  A-waightod 
flyovor  noiaa-laval  tiOM  hiatory  aa  oMaaurad  in  tha  flald  at  oaeh  awaaoramant  atatton.  A  typical 


recording  appoara  in  Fig.  S.4T. 
In  addition  a  plot  of  tha  typical 
background  nniaa  •  alao  woightad 
-  thould  aaist,  auch  aa  shown  in 
ria.  3.48.  Thaaa  racordlnga  ara 
iaanadlatoly  inapactad  visually 
for  any  ovidant  nan-tost  rolatad 
disturbancas.  as  slight  result 
frasi  wind  guats  or  axtranacus 
noiso  sourcos.  Next,  one  would 
chaefc  if  tha  flyovor  aignals  ware 


sufftciontly  above  the  aaiblant 
noise  lovel.  In  tha  case  of  a 
Chapter  8  or  Chaptar  10  nolsa 
oartificatlon  tast.  a  10  dB 
algnal-to-noiaa  ratio  will  usually 
sufflos.  Tha  aiaxiMuai  levels  that 
occurred  during  tha  flyover  aiust 
than  be  corrected  to  establish 
the  final  nolsa  certification 
level.  Thaaa  corroctiens  ara 
quite  easy  to  parforai  for  the 
Chaptar-8  tast  but  soaawhat  awra 
Involved  for  tha  (%apter-10  tast. 

Bather  than  visually  reading 
thaaa  Mxlauai  lavola  freai  a 
graph  Ilka  ng.  8.4T.  all  tha 
"good"  racordlnga  ara  usually 


Elg.  3.47  nyavor  A  Weighted  aatso  level  tlSH  hlatsrlsa  Isr 
praggllw  drtvea  aoraplanM  af  dlfteogt  lake  oft 
■aaa  and  akgliia  powara  at  a  flight  height  af 


raplayod  through  a  laboratary- 
baaod  prsclalan  sau:^  lavol 
■Otar.  Tha  asr  :awa  loaola  ara 


N 


rt«.  s.M 


TIm  hlalMy  *t  typteal  4aytlaN  aMbtaM 
A-watghta«l  notaa  lavat  ("background  notaa") 


itban  road  (raai  a  paak-bold  digi¬ 
tal  inatmawnt,  art  It  auob  an 
tnainiMat  la  not  avallabla,  (rooi 
.tn  analog  indlaalar  Inatruoicnt. 
TSaaa  oMaoutad  ataalmua  lavala 
and  tha  aaaaclatad  aircrad  opo- 
ratlanal  and  Mtaaralagteal  In- 
fonMklan  (or  a  nlnkauai  of  4 
IChantar  S)  ar  •  (Chantar  10) 
valid  (Uthta  ara  than  uaad  In 
an  aaaaawaant  of  tha  eontidanca- 
ItaatU  aa  igoclttad  in  tha  ANNEX 
Id. 


It  (daa  Saotton  I.S  at  thla  AfiAROograph) 


Plyavar  alow***^****  ^  eorraatad  tar  davlattana  at  tha  taat  hallcal  blada  tip  Mach- 

niMibar  from  thair  ratdranaa  valuao  which  ara  dua  ta  davlattana  tron  tha  ratoranca  taoparatura.  Ha 
height  eorractiaa  la  raqulrod  It  tha  taat  aircraft  waa  within  «10ai/-Mat  at  tha  rofaranea  height; 
alaoi  atoraapharle  abaorptlon  naad  not  ba  aecountad  far,  alnca  tha  taat  aiuat  ba  conducted  within  tha 
toMparatura/ralattva  huniidlty  window  ahown  la  Pig.  I.ld. 

The  tallowing  axampla  at  a  Chapter  d  Taat  la  to  llluatrata  tha  pracaduraa.  Lot  ua  aaauM  that  tha 
toot  anvlronnwnt  and  aircratt  oparatlanal  charaetarlattca  ware 


Propallar  dlaoMtar 
Raforanca  praptUar  RPM 
Raforaaoa  flight  apaati 
Rafaranca  tanparature 
Rofaranea  flight  height 


•  d.O  ■ 

•  mo  ntln*^ 

•  >00  kn/h 
-  »  *0 

•  >00  ■ 


Fraoi  thla,  ana  caoiputaa  a  rofaranea  helical  blada  tip  Mach  nuoibar  of  0.d». 

TAiU  d  bolaw  llata  (hypathatleal)  owaaurad  nolaa  lavaia,  taat-fllght  oparatlanal  paraatatara.  and 
toot  anvtranaiantal  eendltlana.  Tha  oparatlanal  and  anvtranaiantal  paranwtara  dovlata  traoi  raforanca. 
They  ara,  hawavor,  all  within  the  allowable  taat  wlndawa.  Recall  that  tha  tanparature  window  waa 
2  *C  to  M  *C,  and  the  hoight  window  waa  270  ■  to  310  m. 


TABU  6  Baaatpla  of  Data-Bhaet  for  a  Chaptor-d  Nolaa  Cartificatlon  Taat  (T^|  •  >9  *C,  -  0.133) 


Taat 

V 

^ao 

RPU 

Tt 

“t 

V"t 

A> 

1.  . 

"pA.corr 

Nbr 

dB 

km/h 

1/min 

•C 

m 

dB 

dB 

1 

TB.a 

210 

>980 

33 

SOB 

0.880 

0.013 

O.t 

79.1 

2 

78.4 

IBS 

>680 

» 

>78 

0.817 

0.018 

1.3 

76.6 

3 

77.0 

>08 

>710 

>7 

»0 

0.833 

-0.001 

0.0 

77.9 

4 

77.2 

>00 

>700 

31 

»8 

0.8>4 

0.008 

0.6 

77.8 

t  Tt.l 

•a 

*p  »•» 


Tnia  t\  l«  and  4  Aaw  davlatlena  of  tho  hoUeol  bU«to  tip  Moth  nuMbor,  os  U  oviJont 

fMi  tiM  ooliMM  Mil  >  M|,.  In  all  thnoa  aaann  tha  taat  Manh  nuMbor  waa  lawor  than  tha  rafaranoa 
Hath  aaHbar,  thaa  Mklat  a  Maah-naaibar  oarrattlaa  Mandatary.  Nhan  tha  taat  Maeh-nuabar  la 
htghar  than  tha  rafbtoaoa  Math  nuakbar  -  aa  In  Taat  3  -  ,  ANNIX  14/Chnptar  •  Moaa  not  prohibit  a 
oawaattaa,  ataan  Ihia  aaaM  aaly  rataa  (rathtr  than  lotior)  tha  nolaa  aartttloatlon  laval. 

If  aa  foaalta  fraai  aalaa  aanattivlty  flight  taata  aro  avallablo,  ANNtX  II  roqultaa  tha  addition  of  a 
fbelar  Doita  t  >  IM  lag  Ihla  factor  la  alao  llatod  la  TAILE  1.  Tha  corroctad  lavalt  In  tha 

rl^tHnaal  aalaan  ara  nrlthaMteally  araragad,  to  prodooa  a  final  avarago  laval  X  ■  78.1  dB(A) 
with  a  ataaMard  davlaUaa  af  a,  ■  l.l  dl.  For  a  aaaipla  of  H  *  4  data  polnta  and  accordingly 
N  •  1  ■  I  dagraoa  of  ..'aadaai  TAMIJI  E-1  In  AppandU  K  llata  n  Studant-factor  jg  of  S.3S3. 
eartaapaadlag  la  a  aanfidtaea  Unit  of  l.M  dB.  Aa  thlo  value  la  atill  laaa  than  tha  pamlttad 
valua  of  1.8  di,  tha  flight  taat  produced  a  valid  nolaa  caiilfieatlon  laval. 

Thia  axaa^la  llluatmtaa  a  Chapter  8  nolaa  eortlfieatlon  proeaduro  which  raqulraa  a  parfomanca 
earractlcn.  If  tha  aircraft  had  tha  operational  capablUtloa  of  'ha  aaaapla  of  Section  8.8.7,  a  Malua 
of  l.t  dB  la  added  to  tho  abava  nolaa  cartlllcatlon  laval.  Thla  would  than  lead  to  a  parfomanca- 
corractad  value  of  78.8  dB(A).  Juat  below  tha  panalltad  80  dB(A),  If  tho  aircraft  had  a  taka-off 
awaa  In  aaoaaa  of  1800  kg.  Htneo,  tha  aircraft  would  hava  paaaad  tha  nolaa  eartlflcatlon  taat. 

In  tha  abov«  aaanpla  It  waa  tacitly  acauand  that  tha  anvlronawntal  tamparatura/ralatlva-hualdlty 
eondittona  warn  within  tha  pamlttad  araa  ahown  In  Fig.  8.18  and  that  tha  wlnd-condltlona  wara 
aoaaptabla, 

(b)  Chapter  IJ  Taat  fSaa  Section  8.8  of  thla  AOARDagraph) 

A  (taka-eff)  Chaptar  10  nolaa  cartlfleatlan  taat  data  radueilon  will  raqulra  an  atamapharle 
abaarptlon  oorractlon  (under  certain  eendlllona),  a  height  correction,  a  helical  propeller  bladr-tlp 
Mach  number  corractlon  and  an  ambient  praaaura  corroctlon. 

Whilo  Chaptar  8  raqutraa  a  laval  flyover.  Chaptar  10  Involvoa  a  taka-off.  ilera,  tha  operational 
paraawtara  of  tha  taat  aircraft  at  tha  rafaranca  atmeapharic  conditions  exactly  dafino  tha  flight  tra- 
Jactary;  hence  no  parfomanca  oorractlon  la  nacoaaary.  Suppose  that  tha  taat  aircraft  in  tha  previous 
axampla  hoc  to  bo  toatod  according  la  Chaptar  10.  Tlion  a  minimum  of  6  valid  taat  flights  are 
raquirad.  TAltS  7  below  gives  a  Hal  of  (hypothetical  1  amasured  data. 


TABLB  7  .  xrir.ple  of  Daia-Shaat  for  a  ''haptar-10  Nolaa  Certification  Teat 
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Taat 

V 

"y 

RPM 

Nbr 

dB 

km,^ 

1/mln 

78.8 

810 

7880 

78.4 
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8880 

77.8 
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W.4 

SIS 

8780 

78.1 
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1880 

0.847) 
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“t 

Mr-Mt 

•c 

m 

S.£ 
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0.880 
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IS 
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0.817 

0.030 

87 

ISO 
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0.014 

31 

IN 

n.8S4 

0.083 

38 

880 

0.840 

0.007 

SB 
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0.011 

0.038 

AM 

A1 

A8 
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dB 

dB 

'13 

dB 

0.8 

"•I 

8.1 

81.8 

0.8 

1.8 

8.3 

78.4 

0.8 

1.8 

1.1 

80.1 

0.5 

1.8 

1.8 

80.3 

0.8 

1.8 

0.5 

78.3 

0.8 

1.3 

8.8 

88.7 

80.3 

•x 

1.8 

“b 

1.47 
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Raetll  that  for  thto  toot,  tho  roforoneo  tOMporoturo  to  la  *C.  Thon  tho  roforoneo  holleol  bUdo  tip 
Mach  nuMbor  la  0.S4T.  Suppoao  that  tha  rofaranco  fUght  hatght  (during  eliaibl)  above  thr  aeouatic 
ataaaurlng  atatlon  waa  MO  ai,  t.o.  much  loaa  than  tho  ono  actually  flown  during  tho  taat  (porhapa 
duo  to  aaoM  hoad*wlnd),  Tho  toot  day  avorago  relative  humidity  la  taken  at  BOd.  On  account  of  tho 
obaorvod  tomparaturoa,  all  toata  wore  outaldo  tho  atauiaphoric  'no-corroctlon* -window.  ANNCX  10/ 
Chaptor  10  thon  roquiroa  a  Delta  M  corractlon.  For  a  relative  humidity  of  SOI  and  tomporaturoa 
ranging  botwoon  18  *C  and  U  *C  tha  aboorptlon  coefficient  In  the  800  Hi  bond  •  0.3.  Thua, 
the  Delta  M  cerroetton  of  (  -  0.71*1.1^300  aquala  -0.8  dD  for  all  8  taat  caaoe.  The  height  corree- 

tton  of  Delta  1  •  10  log  (Hf/H|,)  muat  be  individually  eompotad  aa  thown  In  TABLK  7.  Referring  to 
Section  3.8.7  It  la  evident  that  for  helical  blade  tip  Mach  numbert  above  O.OOO  the  davlatlona  are 
Blwaya  greater  the"  uvnaitted;  alao,  the  teat  Mach  numbert  are  all  lower  than  the  referonce  Mach 
numbera.  Hence,  a  M;<eh  number  correction  la  mandatory. 

Thua,  In  the  end,  an  atmoapherlc  correction  Delta  M,  a  height  correction  Delta  1,  a  Mach-number 
correction  Delta  2  and  (not  Included  In  the  example)  an  aaditent  preaauro  correction  Delta  3  mutt  be 
added  to  tha  nwaaured  levela  to  obtain  the  fully  corrected  nolae  lavala.  Again,  tha  8  valid  levela 
are  arithmetically  averaged,  to  provide  the  aircraft-epaciftc  certification  level.  In  the  example 
ahown,  ualng  the  minimum  required  6  data  potnta  (*  valid  teat  flighta).  the  aircraft  would  have  a 
noise  certification  level  of  80.3  dB(A)  with  a  90%  confidence  level  of  1.47  dB;  thit  confidence  level 
jut!  barely  aufflcea. 


In  the  above  llluttration,  a  factor  R  •  180  for  the  Mach-number  corractlon  waa  again  uaad.  It  will 
be  recalled  that  ANNEX  alao  allows  to  establish  this  factor  through  dedicated  flight  tests.  The 
following  example,  reported  by  CAA  |21|  Illustrates  the  proceduie:  within  the  framework  of  a 

Chaptar-0  noise  certification  test  measurements  had  been  made  at  the  relatively  low  ambient  tempe¬ 
rature  of  8  *C  (Fli.  3.49)  open  triangles),  corresponding  to  a  helical  blade  tip  Mach  number  of 

0.87.  The  reference  temperature,  however  la  38  *C.  with  an  aasoclated  reference  Mach  number  of 

0.84.  To  derive  a  noise  sensitivity  curve  (In  this  case  vs  helical  blade  tip  Mach  number), 

the  propeller  rotational  speed  was  reduced  in  steps  down  to  a  helical  blade  tip  Mach  number  well 
below  0.84  (as  shewn  in  Fig.  3.49,  dark  triangles).  The  noise  sensitivity  curve  permitted  the  cor¬ 


rection  of  the  measured  noise 
levels  to  those  at  reference 
Mach  number.  Since  the  actual 
Mach  number  was  rather  high, 
tho  correction  amounts  to  some 
8  dB,  (which  Is  actually  larger 
than  permitted).  Still,  In  the 
case  at  hand,  it  was  possible 
to  repeat  the  measurements  at 
the  higher  test  temperature  of 
30  *C  at  some  later  time. 

Fig.  3.49  shows  that  these  data 
points  (open  circles)  agree  very 
well  with  the  original  sensitivi¬ 
ty-curve,  thus  lending  credibi¬ 
lity  to  the  correction  procedure. 
In  the  example  ahown  here,  the 
factor  K  would  have  a  value  of 
approximately  330. 


Fig.  3.49  Mach  number  (or  temperature,  raspectlvoly) 
oortecUon  through  "In  the  field  awthod" 
by  SMana  of  repeated  flights  at  different 
propeller  RFMe  (from  Ref.  31) 


N 


9.«.>  Dm  ftMiTiU  -  «t  »»  mtrn  towl> 

In  grdar  to  dotoiwlao  •  (rtnol)  cnoetlvo  Poreolvod  Notoo  Lovolt  iho  pi'oeodluro  ouUinod  In  APPEN* 
DIX  A  to  thU  AOAEDogroElt  ihoold  bo  toUotiod.  In  tito  foltowinc,  tho  pmo^or*  bo  llluatrotod 
by  Mona  of  tfoelflc  dato  oaaavlaat  portatnlng  to  hoUooptor  notoo  tooia  lU;  t9|.  It  ahoutd  bo  ro> 
eallod  that  tho  notoo  eort'fleatlon  of  a  hallco^or  la  parttoolarly  oooiplaa,  alneo  ■oaoumaonta  mtial 
bo  aada  otawittanootioly  vatng  throo  alter o^honoo,  orlantod  at  riliht  antio  to  tho  fllcht  tAlit*  Ihua, 
each  alerophono  poaltlon  roqutroa  Ita  own  dlotoneo-oorfoetlon  for  tho  point  In  tinir,  whan  PNLTM 
oceuroi  thia  point  In  ttnio  aiitat  not  noooaaarlly  bo  the  aaa«  at  all  aitorophonoo.  For  tho  lataral 
mterophonoo  thIa  alao  tnvolooa  a  fairly  oaaiploa  ceoipiHatton  of  alant  anglaa.  Tho  aoorago 
BPNL-valuoa  obtalnod  at  oach  of  tho  throo  aiterophonoa  (after  individual  oortoetlon)  will  yield  tho 
final  BPNL,  and  thia  for  oaeh  of  tho  throo  proeoduroa  *tako-o(t',  'lavol  tlyovor'  and  'landtni 
approach'.  Aa  a  rondndori  for  heavy  propallor<drlvon  aoroplanaa  and  tor  aubaonie  Jot-aircraft  only 
one  aiaalaiuai  aldalino  level  and  eM  flyover  level  to  rooulrod  for  a  take-off  teat,  and  only  jg} 
flyover  level  for  tho  approach  taat,  rather  than  S, 

Though  tho  fInaU  eortificatlon  nolat  level  will  be  the  BPNL.  It  la  adviaablo  to  chock  the  data  firot 
In  teroM  of  A-wolghtod  tlyovor  tla*  htatorlea.  Dlaturbaneea  In  tho  noiao  lovola  are  readily  evident 
fron  a  vlaual  Inapoctlon  of  A-lovrl  tlaw  hlotorv  traeeo.  An  oaaaiplo  of  ouch  iraeoa  appoara  in 
Fla.  3.M.  whore  tor  the  3  nterophone-pealtlona,  t.e.  'aldellne  left*  (in  the  (light  direction),  'cen¬ 
terline  center',  and  'aldallne  right'  the  alow'^'*^*  ahown.  For  certification,  aU  auch  fl- 
guroa  will  bo  reoulred.  It  la  of  oeurao  not  aurprlalng  that  the  3  ailcrephonea  eahlblt  rather  diffe¬ 
rent  traeoa  for  the  taato  toot  flight.  Thaao  dlftarencea  are  due  to  (1)  tho  difference  In  the  diatancea 


SBCUC  STANMMO 


Pig.  3.S0 


Typical  holteoptor  flyover  A-wetghtad  nolaa  level  tlaw  htatorlea  at  3  ■icrephono  leeationa 
'aldellne  pert',  conterllna  center'  and  'aldellne  otarbord'  for  certtftcatton  proceduroa 
'take-off,  level  flyover'  and  'landing  approach' 


W  111*  •iroNti,  aM  (i)  tha  JifNrtiioai  la  mIm  4lrMlWily«  ohlak  ar*  kaatm  to  ba  raUiar  pf«- 
iMuncad  far  a  hallaaplar  and  vary  dapaadant  aa  Uia  nitkt  aparatlaaal  aaadlttaa  (a.t>  Iba  praaanca 
of  a  hlfhly  dlraattaaal  blada  alap  caadlUaa).  tt  will  ba  raaallad  that  dllfbrani  aalaa  aawreaa  daail- 
nala  durlap  a  typical  hallcaptar  flyovari  for  an  appraaeblng  ballcaptar  ana  might  firat  haar  tha 
(forward  diractad)  main  rour  high  apaad  imptilaWa  nolaa,  followad  by  main  rotor  rotation  noiao, 
than  angina  aalaa  In  addition  to  tall  rotor  eantrlbutlona.  and  for  tha  ratroatiag  holieoptar  again 
aotaa  laiptilalva  typo  oMln  rotor  algnala.  Blneo  oaeh  of  thaao  aourcao  haa  Ha  own  apaad  dapandoneo 
and  dlraetlvlty  charaetarlatica,  tha  flyovor  aignaturo  fluetuataa  much  mota  than  that  of  a  propollor* 
driwon  aoraplano  (lor  an  oaaaipio  aao  fig.  a.4T). 


All  iranaa  ahawn  In  Fig.  a.BO  ara  rafarancad  to  iha  Inatant  In  tlam  (•  0  aaeond)  at  which  tha  hall* 
ooptor  waa  dirctly  abaua  tha  cantor  mioraphona.  Tha  maalanim  nolaa  looola  of  tha  mlcrophonoa  will 
uaually  not  occur  at  that  timo. 


Timo 


Fig,  3.$1  Typical  holieoptar  A-waightod 
noiao  lovol  tiam  hiatorioa  at 
mlerophona  location  'eantarlino 
cantor'  for  g  nominally  Identical 
( 'taka-off' )  flyovora 


Inapaetlen  of  auccoaolva  flyovor  A-loval  traeoa  matlo 
under  noninally  Identical  conditlona,  aa  ahown  In 
Ft^  ,81  for  g  level  flyovora  allowa  a  Judgamont  on 
tha  repeatability  of  tho  taat.  The  atmilarlty  or  dia- 
atmilarlty  in  tho  A*lavel  traeoa  for  rapaaiad  teat 
fllghta  ara  Indlcationa  of  tha  aloadinoaa  of  tho 
flight  path  (aa  affected  by  wind  and  atmuapherlc 
lurbuloneal.  the  ability  of  tho  tact  pilot  to  rapro- 
duea  the  operational  conditlona  tor  each  auceoaaive 
flight,  and  the  aonaitivlty  of  aound  generation  and 
radiation  maehanlaaw  to  alight  oporatlonal  or  atmo- 
apherle  varialiona  from  teat  to  teat,  etc,  Mora  im¬ 
portantly,  from  ouch  initial  level  traeoa,  one  can 
aaloct  the  time  apan  which  muat  be  analysed  to  en- 
aura  the  lO-dB-down-poInta  required  tot  ihe  FNLT- 
computtitlon.  Since  A-weighting  differa  from  the  noy- 
weighting,  one  cannot  aimply  take  the  A-level 
lO-dB-down  time  apana  aa  available  from  the  A-Ievel 
lime  hlalorlea,  A  time  apan  should  be  aelocted  which 
compriaeo  approximately  IS  dB  below  before 

and  after  the  occurrence  of  ataa*  ^  typical  time 
apan  for  a  helicopter  noiao  teat  can  range  from  15 
to  30  seconds,  thus  yielding  between  SO  and  60 
individual  l/3-octave  band  spectra, 

Tho  first  step  in  tho  auboequent  iterative  processing 
of  the  data  then  involvea  the  reduction  of  the  re¬ 
corded  sound  oignal  into  1/3  octave  band  spectra  in 
a  frequency  range  from  SO  Ha  to  10,000  Hi,  i.a,  in 
tho  1/3-oetavo  frequency  banda  from  No,  1  <*  80  Ha) 
to  No.  34  (•  10,000  Ha).  This  data  is  usually  digi- 
tiaod  and  stored  at  1/3  second  intervals  on  a  digi¬ 
tal  auignetic  tape  for  further  processing.  For  tho 
analysis.  Annex  IS  rocomawndo  exponential  averag¬ 
ing  with  a  time  constant  of  1000  am. 


Bach  of  theae  aoquantially  measured  “raw"  i/3-ociave  band  spectra  must  then  be  adlustod  (or 

o  mteropkana  fraqueney  raapenae 
o  wind-ball  offsets 
o  recording  system  fToquoncy  raapenae 


TIm  mMniMmm  rmpunm  i*  •valUhl*  rnai  rmtfmm  callbMlloii  iuwIM  by  th*  iMiiutae> 

tMNT  ar  fro*  •  tra^Mney  ratpwna  ehMk  af  Uia  aitefanhaaa  aM4a  priar  ta  tha  taat  (nata  that  ailara> 
phawaa  allchtly  ahaafa  thair  fraquaaey  raapaaaa  In  tha  aaaraa  at  aavaral  yaara.  aapaelally  at  hlgh- 
ar  fraaaanctaa). 

Iha  tra^aanay  JapaitJant  tnaarilan  laaa  at  a  wind  bait  can  ba  takan  traa  4au  auppllad  by  tha 


Adluatawnta  tar  raearding  ayataa  raapanaa  will  ba  aada  on  tha  baaia  at  pravlaua  raaatdinga  at  'pink 
naiaa'  (oanatant  anargy  par  l/S^tava  band),  wharaby  an  additional  Individual  oarraction  tor  tho 
pin'  naiaa  ganaratar'a  awtput  any  ba  naeaaaary.  A  typloal  eompllatlan  at  auch  apactral  carractlana 
la  oh  own  in  Ha.  g.M.  Iiatad  Ibr  band  nunbara  1  through  H.  Thay  acaount  tor  tho  troquoncy 
roapanooo  at  (a)  all  tho  wind-balla,  (b)  oaeh  of  tho  Mlcrophonaa  (mlcraphono  nuaiboro  1.  I,  and  3), 
(e)  tho  (ana)  plnk-nolaa  gonorator  uaad  and  (d)  ooeh  ot  •  data  channola.  According  to  tha  aign, 
ihaaa  eorraetlona  will  ba  addad  ta  or  aubtraetad  traa  aach  traquancy  band  lovol. 


CAUBRATION  VOt  TAM  NO. 
3  4  ■  • 


At  this  point  than,  tho  InatruoMntatlon-rolotad  raopanao-eorroctad  1/3-cctBva  band  ipactra  at  1/3- 
■aoond  intarvala  during  tho  flyavar  ora  avallabla  for  each  ot  tha  Micraphonos.  Ona  ouch  carractad 
•paatruai  oi^ght  look  aa  ohown  in  Fla.  3.33.  Cvan  In  thta  ralatlvaly  coarao  raaolutian,  ona  dlatin- 
gutahaa  a  rotational  tundaawntal  of  tho  rotor  around  80  Ha  and  aavaral  hamonica  in  tha  100  Ha, 
100  Ha,  and  SIS  Ha  bonda.  Thay  haply  tha  praaanea  at  pranauncad  "tonaa”  which  OMy  aftaci  tha 
FNtT  aanputatian.  If  tha  tlnn  apan  far  tha  flyavar  (within  a  18-dB-balow-naaiauai  A-laval  range)  ia 
30  aaeaada,  ana  orauld  obtain  SO  l/S-aetava  band  apaetra  at  aach  of  tho  3  mlcraphonaa,  t.o.  a  total 
of  aooM  ISO  apaetra. 

Tha  aircraft  paatUan  at  tha  tioM  of  tha  BiaxlBnM  tana-oorraetad  Foraalvad  Naiaa  Laval,  'PNLTM', 
BMot  ba  knoom  far  applying  tha  alamapharle  and  tha  dlatanca  eorraction.  In  addition  to  tlia  dura¬ 
tion  aarraotlan  which  alac  dapanda  on  tha  ground  apaod.  Aa  a  firat  atop  tho  "awaaarad  IML"  la 
datorailnad,  t.o.  tha  BPNL  without  yat  applying  any  duration  adluahaant  or  otawapharta-abaarptlon 


m 

•ireraft  with  ratpact  to  the  mlcrophona,  at  which  tha  aound  aignal  laft  tha  aircraft  to  produce,  a 
abort  tieia  tatar,  tha  maximum  PNLT  on  tha  ground;  mora  importantly,  wo  hava  detarmtnad  tha  aound 
radiation  angla  batwaan  tha  aircraft  and  tha  racaiving  mlcrophona.  Aa  will  bo  recallad  from  Section 
2.4.7  above,  thla  angle  la  conaldarad  "aircraft  apaclfle"  and  indapandant  of  ita  flight  trajaetory 
poaition  or  of  ita  climb-  or  doacant-angla. 

The  next  atep  partalna  to  correcting  tha  flight  trajectory  to  tha  refaranca  trajectory.  Tha  actual 
flight  path  had  been  datarminad  by  aoma  aircraft  indapandant  maana,  aa  dlaeuaaad  in  Section  3.3.1. 
A  typical  trajectory  plot  (aa  obtained,  incidentally,  by  maana  of  kinathaodolita  tracking)  for  a 
halleoptar  taka-off  ia  ahown  in  Fig.  3.53.  Clearly  tha  hallcoptar  deviated  both  laterally  and  verti¬ 
cally  from  tha  refaranca  trajaotory.  It  la  particularly  Important  In  thia  example  that  the  climb 
angle  davlataa  from  tha  refaranca  climb  angla. 

It  ia  now  a  atraight-forward  matter  to  derive  from  the  known  angle  9  that  point  on  the  reference 
trajectory,  where  the  aircraft  haa  radiated  aound  at  that  "apaclfle  angle"  towarda  the  ground 
microphone  to  produce  PNLTM  (see  Fig.  2.12).  From  thoae  polnta  on  the  meaaured  and  on  the  refe¬ 
rence  trajectory  one  may  now  determine  the  alant  diatancea  QK  and  which  are  uaed  in  the 

correction  procedure.  Aa  had  been  diacuaaed  in  Section  2.7.7  of  thla  AGARDograph,  three  particular 
correction  parametera.  Delta  1,  Delta  2,  and  Delta  3,  muat  be  determined  individually  for  each  of 
the  (alao  three)  microphone  poaitions. 


Fig.  3. 55  KTH-determined  helicopter  take-off  flight  trajectory  in  the  ground-plane  and  the 
height-plane  in  relation  to  the  reference  profllea 


As  a  remlrder:  tha  Delta-l-correction  acoounta  for  (a)  the  atmospheric  attenuation  due  the  diffe¬ 
rence  in  temperature  and  humidity  ftom  reference,  (b)  tha  atmospheric  attenuation  due  to  the  diffe¬ 
rence  in  slant  range  and  (c)  tha  (inverse  square)  distance  attenuation  due  to  the  difference  in 
slant  range.  A  numerical  example  had  been  given  in  Section  2.4.7  of  thla  AGARDograph  on  the  com¬ 
putation  of  a  Delta  1  correction.  Delta  1  •  PNLT,..  -  PNLTM„...  la  to  be  added  to  the  measured 

V9i  meAB 

EPNL-value.  Let  us  arbitrarily  assume  a  value  of  Delta  1  •  2.1  dB. 
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To  dartvo  tho  ooeond  cometion  torm.  Dolts  1,  it  should  bo  ^roeollOd  that  tho  lO^dB-down-tlmo  1* 
both  0  lunction  of  dlstaiieo  ond  ground  voloeity.  Thoroforo,  an  adluatmorit  to  tho  duration  corrsction 
is  rtquirod,  whan  rafaronco  and  moaturainont  distancas  and  ground  volocities  (*  tho  flight  voloeity 
rolatlvo  to  tho  ground),  roapoetivoly,  diffar..  Thla  additional  corrsction,  which  must  also  bo  addod 
to  tho  originally  moaaurod  EPNL-valuo,  ia 

Doha  2  -  -  10  log  (QK/Q^Kj.)  +  10  log  (V/V^)  * 

If  tho  rolsvant  fllght-spsod  V  (in  the  caaa  illuatratod  this  would  be  a  beat-rata  of  cllmb-apaod  V^) 
is  190  km/h  vs.  a  rafaronco  spaed  of  200  km/h.  Delta  2  would  coma  out  as  -0.7  dB. 

If  wa  taka  the  PNLT-tlma  hlatory  plot  shown  in  Fig.  3.64  as  the  pertinent  example,  we  would  read 
PNLTM  aa  88.8  dB  at  time  23.76  a,  and  tho  10-dB-down-points  at  79.7  dB  at  time  13.76  a  and  79.6 
dB  at  time  33.36  a.  From  thaaa,  one  detarminaa  EPNL_...  aa  90.3  dB.  To  this  value.,  the  correc- 

inAsBa 

tiona  Delta  1  and  Delta  2  muat  be  applied: 


EPNL  -  EPNL  ..  +  Delta  1  ♦  Delta  2 

corr  a  fn6«8  • 

•  90.3  dB  +  2.1  dB  -  0;7  dB 

•  91.7  dB. 

Thla  corrected  EPNL-valua  pertains  to  one  microphone  location  and  to  one  particular  flyover.  By 
meant  of  a  similar  procedure,  the  EPNL-valuat  at  the  remaining  2  microphones  la  determined.  Each 
flyover  la  characterised  by  the  arithmetic  average  of  these  3  EPNL-valuet.  Such  average  EPNL- 
values  muat  now  be  determined  for  a  minimum  of  6  valid  test  flights.  A  typical  printout  for  such  a 
test  It  shown  In  Fig.  3.66.  where  there  are  columns  for  EPhLg^j.^,  In  dB,  Lp^  In  dB,  PNLTjppj^ 
In  dB,  C  (■  tone  correction)  In  dB,  D  («  duration  correction)  in  dB,  Delta  1  correction  in  dB,  Delta 
2  correction  in  dB,  and  OA8PL  (•  the  overall  unweighted  maximum  sound  pressure  level)  in  dB. 

This  Information  la  provided  for  6  teat  runs.  The  lower  portion  then  shows  the  3-microphone  aver¬ 
ages  for  each  flyover,  and  -  as  the  ultimate  certification  level  -  the  average  over  the  6  teat 
flights  (88.8  EPNdB)  and  the  standard  deviation  and  the  BOVconfidence  level. 

This  final  EPNL-value  la  then  the  specific  noise  certification  level  of  the  helicopter  for  one  of  the 
three  test-procedures,  In  this  case  the  'take-off  test.  This  level  must  then  be  assessed  against  the 
noise  limit  (see  Fig.  2.24). 


This  entire  effort  muat  now  to  be  repeated  for  the  'level  flyover' 
approach'  test. 


test,  and  for  the  'landing 


For  the  level  flyover  procedure,  however,  an  additional  correction  term,  corresponding  to  a  source 
noise  oorrsollott  Delta  3  must  be  determined.  If  any  comolnation  of  the  following  3  factors 

o  airspeed  deviation  from  reference 
o  rotor  speed  deviation  from  reference 
o  temperature  deviation  from  reference 

results  ill  a  noise  correlating  parameter  whose  value  deviates  from  the  reference  value  of  this 
parameter.  Now,  in  the  case  of  a  helicopter  In  level  flyover,  this  parameter  would  be  the  main 
rotor  advancing  blade  tip  Maoh-number  being  a  function  of  true  airspeed,  rotor  speed  and 

outside  ambient  temperature.  Suppose  that  the  advancing  blade  tip  Mach-number  at  reference  con¬ 


fer  applleatlon  to  helicopter  noise  certification  ICAO-CAEP  Intends  to  change  this  term  Into 
Delta  8.  «  -  7.8  log  ((iK/Q^K^)  *■  10  log  (V/V^,).  The  reader  should  consult  the  latest  relevant 
addition  to  the  ANNEX,  as  issued  by  ICAO. 
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Fig,  3.56  Summary  of  axamplatory  noise  measurement  resultr.  for  a  helicopter  take-off  procedure 


dltions  had  been  determined  as  0.860  and  that  -  for  whatever  reason  - 
ed  at  a  lower  M 


measurements  were  conduct- 

adv'  should  obtain  a  "noise  sensitivity  curve"  (dependence  of  PNLTM  on 


through  additional  dedicated  flight  tests. 
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Noise  sensitivity  curves  for  three 
medium  weight  helicopters 


Fig.  3.87  illustrates  the  general  prob¬ 
lem  on  the  example  of  noise  sensitivity 
curves  for  a  number  of  medium-weight 
helicopters.  The  rather  pronounced 
sensitivity  of  EPNL  on  Is  quite 

obvious.  Fig.  3.56  now  shows  an  ex¬ 
treme  case;  here  EPNL-values  were 
available  from  approximately  0.806  up 
to  P.845,  while  the  reference  condi¬ 


tions  called  for  an  of  0.86.  In 

this  case  it  would  Im  permitted  to 
utilise  the  slope  of  the  sensitivity- 


Fig.  3.58  Detarmlnation  of  nolM  Mnaitivlty  curve  through 
dedicated  flight  teats  for  purposes  of  source 
noise  correction 


curve  to  extrapolate  to  the 
reference  value.  In  the  case 
shewn  this  would  involve  an 
upward  correction  of  approxi¬ 
mately  3  dB,  probebly  a  ra¬ 
ther  excessive  correction.  In 
the  end)  the  value  of  the 
Delta  3  source  correction  must 
be  added  to  the  measured 
BPNL-value  in  addition  tu 
Delta  1  and  Delta  8. 

This  section  on  the  determina¬ 
tion  of  a  noise  certification 
EPNL-value  used  the  hel)  .  .I’ter 
noise  certification  a<  an 
example.  The  noise  certifica¬ 
tion  procedures  for  heavy  pro¬ 
peller  driven  aeroplanes  and 
for  subsonic  Jet  aeroplanes 
require  aimllar  evaluations  to 
produce  a  corrected  EPNL. 


4.  TMT  WCTB  AND  AMAtTSlB  TBCHmOPM  IN  fUCHT  AMD  WIND  TWOIM.  NOISE  BE8SABCH 


The  noise  measuree  and  EPNL  hsvs  bean  accepted  for  certification  purposes.  They  are.  however, 
much  too  coarse  to  provide  much  insight  into  the  important  aeroacoustlc  source  mechanisms  of  the 
various  noise  generators  on  flight  vehicles.  Understanding  the  source  mechanisms  of  aircraft  related 
noise  generators  such  as  propellers,  rotors,  fane.  Jets  etc.  in  their  dependence  on  aircraft  opera¬ 
tional,  geometric  and  atmospheric  parameters  is  however  paramount  not  only  in  making  these 
sources  quieter  but  also  to  enable  improvements  in  the  noise  certification  procedures  themselves  and 
to  eventually  allow  for  more  stringent  noise  limits. 

Noise  testing  and  analysks  techniques  foe  the  purpose  of  flight  noise  research  differ  -  sometimes 
substantially  -  from  those  <n  the  "well-established"  noise  certification  procedures.  In  research  there 
is  often  a  need  for  an  extended  range  of  parameter-variations  and  for  a  much  more  detailed  analy¬ 
sis.  For  example,  narrow-bandwidth  analyses  in  the  frequency-domain  and  analyses  in  narrow  time- 
increments  in  the  time-domain  are  called  for. 

Ill  aircraft  noise  rssearch  both  flight  and  wind  tunnel  tests  are  conducted.  In  planning  and  exe¬ 
cuting  auch  tests,  there  is  a  need  to  understand  their  particular  advantages  or  disadvantages.  To 
illustrate  special  techniques  Involved,  the  following  sections  will  discuss  sosie  testing  and  analysis 
aspects  in  conducting  aeroacoustlc  research.  Six  specific  areas  will  be  treated: 

o  Flight  (and  Ground)  Noise  Testing  of  Subsonic  Jet-Aeroplanes 
o  Flight  Noise  Testing  of  Propeller-Aeroplanes 
o  Flight  Noise  Testing  of  Helicopters 
o  Jet  Noise  Testing  in  Wind  Tunnels 
0  Propeller  Noise  Testing  in  Wind  Tunnels 
0  Rotor  Noise  Testing  in  Wind  Tunnels 


Mt 


Th«  intent  of  thlo  AOAROograph-ChnpUr  in  hownnnr  n^t  to  providn  a  fully  eomprohonaivo  diacuanlon 
of  oil  pooslUa  toot  and  analjraia  proeadurot  that  may  oecur  in  tha  oouraa  of  aircraft  noteo  raaaarch 
in-  tha  wldait  aonaa.  Rathar,  aalaetad  taat  and  analyaia  taehniquaa  ara  introducad  and  axamplifiad 
through  a  dlaeuaaion  of  aavoral  meant  aaroaeouatic  maaarch  projacta.  From  that  tha  madar  should 
ohtaln  a  "gut  foaling"  for  tha  variaty  of  oaparimantal  aapacta  in  aircraft  noiaa  maaarch  aa  oppoaad 
to  thoaa  parlaining  ipaeifieally  to  noiaa  cartiftcation. 

While  tha  aaaterial  in  tha  pmvious  Chaptara  2  and  3  ia  in  principle  suffieiant  to  plan  and  conduct 
noiaa  eortification  work,  the  account  In  Chapter  4  ia  a  aequence  of  carefully  aalected  aeouattc  ra¬ 
aaarch  ax^rlmants,  which  Is  no  more  than  a  briaf  introduction  to  tha  vast  and  complax  subject  of 
aeroacoustlcs.  Work  on  such  topics  as  'identification  of  noise  sources'  or  'reduction  of  acoustic 
signatures',  certainly  requires  tha  collaboration  of  a  specialist.  In  order  to  moderate  the  optimism 
which  might  result  from  the  rather  successful  acoustic  experiments  described,  some  of  tha  leas  obvi¬ 
ous  effects  which  may  occur  in  aeroacoustlcs  ara  noted  in  passing  and  render  this  such  a 
challenging  subject. 


4.1  Flight  Testing  vs  Wind  Tunnel  Tasting 

When  studying  aircraft  related  acoustic  source  mechanisms,  it  is  generally  advantageous  to  "break 
down"  the  noise  as  emitted  by  the  aircraft  into  Ita  varioua  constituents.  For  s  propeller-driven 
aeroplane  these  will  be  the  propaller(s),  tha  anglne(s),  gear  boxes,  and  tha  engine  exhaust.  For 
other  types  of  aircraft  airirame  noise  (a.g.  from  wheel-wells,  landing  gears,  flaps,  slats,  etc.) 
may  also  require  special  attention.  Such  airframe  noise  can  be  a  problem  sspactally  during  the 
landing  approach  phase  of  subsonic  commercial  Jet  aircraft.  For  a  helicopter  the  main  rotor,  the 
tall  rotor,  tha  engina(s)  and  tha  transmission  produce  significant  noise  components. 

Though  each  of  these  noise  contributors  acts  as  an  individual  source,  sonw  also  interact:  for  ex¬ 
ample,  the  propeller  flow  field  and  its  noise-generation  are  affected  by  the  engine-cowling,  the 
wings  and  -  in  a  pusher-configuration  -  also  by  upstream  struts  and  tail-components.  The  particu¬ 
lar  installation  of  a  Jet-engine  or  of  a  propeller  may  also  Influence  the  way  it  radiates  sound.  A 
wing  or  fuselage  may  act  as  a  reflector  and  redirect  or  even  emphasise  the  sound.  The  tail-rotor  of 
a  conventional  helicopter  operates  in  the  highly  unsteady  wake  of  the  main  rotor  or  in  its  trailing 
vortices  or  in  the  wake  shed  by  the  main  rotor  hub.  Thus,  the  Interaction  per  se  of  individual 
noise-contributors  is  an  important  additional  source  of  aircraft  noise,  requiring  particular  atten¬ 
tion. 

Flight  testing  the  actual  aircraft  in  its  natural  environment  gives  the  most  realistic  information. 
The  aircraft  operates  the  way  it  is  Intended  to,  and  there  are  no  scaling  problems.  These  advan¬ 
tages  must,  however,  be  assessed  against  limited  variability  of  the  test-parameters  and  the  stati¬ 
stical  uncertainties  of  repeated  measurements.  Also,  acoustic  signals  from  a  flying  object  are  af¬ 
fected  by  Doppler-shifts  and  the  sound  passes  through  an  inhomogeneous  and  turbulent  atmosphere 
before  arriving  at  a  ground-microphone.  These  latter  are  often  positioned  some  distance  (e.g. 
1.2  m)  above  the  ground,  which  can  cause  critical  ground-reflections.  Furthermore,  the  aircraft 
must  be  tracked  rather  precisely  to  allow  unequivocal  synchronisation  of  sound  signature  and  air¬ 
craft  position.  Hence,  data  acquisition,  reduction  and  eventual  interpretation  are  affected  by  a 
number  of  non-source-related  influences,  which  often  result  in  severe  data  scatter. 

Many  of  these  problems  are  avoided  in  wind  tunnel  testing,  espeuially,  if  high  quality  open  test 
section  tunnels  with  low  noise  ara  available.  Wind  tunnels  allow  essentially  indefinite  test-time 
under  usually  very  stable  and  reproducible  conditions,  since  the  environment  can  be  fully  control¬ 
led,  Also  source  and  receiver  are  in  a  fixed  relative  position,  which  facilitates  source  identifica¬ 
tion.  Wind  tunnels  permit  the  testing  of  components  (propellers,  rotors,  fans.  Jets)  by  themselves  or 
in  appropriate  combinations  and  off-design  operation  can  be  safely  executed. 
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Th«M  advpMicii  tjm  kil  TiM  oimIIIm  mwHwi  oaniiMala  OoliywO  mIm  and 

tiiMMl  n«£  lallttliliOt  to  IM  vMri  Of  a  ilmr  tafOPt  IMtoAiint  oxtranooua 

aounda.  ^  irtii  tipirti  R  ta  odiil^tiaMIMiT  ^la  Maoiito  OwWti  jot^ow  in  tha 

auriaaadii|:ij||^ijti>^^piaroofe^  arjomaiaa  <|iiaa|h  Uw  ITaa  aiwar  tafoa.  «l|tak  «an  dia- 
tori  tlM  lli||iftfc^^||wt’aiaai«  tto  wap  ta  Ilia  awaaoMat  aMiaoltMa.  fhU  ahaai*  lap<#’  la  uaually 
irragalar  iia  It  alaa  aattalM  Mtfialaaoat  Mw  pcopacidtea  af  aaoai  throatfi  aueh  an 

Irrocular  a|ai„1^^pribl•  MMar  tmpar  M*  <l»aaUaH|  Md  apaoaraai.  Miaoavar,  iha  turbu- 

lanca  and  oaiWII^  la  Hw  fhair  lopar  eaa  aai  aa  aaaiM  af  aovad.  Oaa  canaol  raadlly  infar, 
tlMiafoia,'Ji^1IW.aBiMi  aaaaiaoi  aaaiMa  fha  |ai.  ahlah  aia  iha  aanNoa  taatda  ika  Jali  aamt  of  tha 
aound  aiidkl  aal.aiM  M«i  dM  tafarlar  af  fat  at  all,  aad  that  wMah  waa  laaaralad  in  tha  jat 
could  haaa  atitijai  Win  a  dlallaattp  dlllafiai  apooMtaa  aad  dlfaatlVIiy. 

Appropriate  (oalhoaBlal  wind  luaaala  tar  aataaoouttlc  taatlng  aniat  lhaaafeaa  fulfill  a  numbar  of 
raqulramaatat  lltay  aaiat  forwiat  poaataa  Uia  aoradyaaado  foaturaa  of  hl|^  quality  eoavantional 
tunnala.  auah  aa  gaad  Aau  quaHly  (atralilii  «olaelty~protllaa  and  law  turbulaiMo).  Par  aaroacouattc 
taating  only  wM  luaaala  witii  an  afan  tool  aaotlon  can  ba  uaad.  Tha  opan  taat  aaonaa  muat  ba 
aurroundod  by  a  tar|u  anaohote  mat  hail  m  provida  tha  naoaaaary  ffoo-flold  eondttlona.  Tha  wind 
tunnal  driva  ayataa  (fan)  ahould  ganaram  aa  Itttla  nolaa  aa  poaalbla  and  -  aa  an  additional 
oMatura  -  tha  duet  walla  and  tha  gulda  vanaa  ahould  ba  traatad  with  abaorbtlva  matarlal. 

In  an  opan  taat  aaetlon  tunnal,  tha  "lowar"-fraquaney-ltaiit  of  tha  abaorptlva  traatiMnt  on  the 
turrounding  teat  hall  walla  may  in  affect  ba  rather  high.  Such  walla  may  In  caaaa  antra  reflect 
than  abaorb  tha  laiplnging  aound.  In  wind  tunnal  taatlng,  it  will  ba  often  nacaaaary  to  employ 
Bcala  nradala.  In  that  eaaa  ona  la  faced  with  Raynolda-numbar  problama,  which  can  advaraely  affect 
both  the  aarodynantea  and  tha  acouatica  of  a  taat. 

Another  important  feature  ia  wind  tunnal  alaa.  In  tha  "beat  of  all  worlda"  it  would  ba  poaalbla  to 

datarmina  the  sound-field  around  aa  aaroacouatic  noiaa  ganarator  atill  within  tha  potential  core  of 

the  tunnal  fraa-)at  but  in  tha  gsoarntrle/aoeuatic  faivflald  (tha  latter  requiramant  la  related  to  the 
phyaical  aisa  of  tha  sMdai  and  to  tha  wavelength  of  tha  aound  oonatdarod).  In  auch  a  case  sound 
propagation  through  tha  shear-layer  ia  avoided.  Ihla  requiramant  ealla  for  taat  croaa-aactions  many 
timaa  larger  than  the  modal  to  ba  taotad. 

There  are  a  numbar  of  highly  quallfiad  tunnala  that  fulfill  all  or  moot  of  tha  above  roquiraments. 
Esamplaa  are  tha  German  Dutch  Wind  Tunnal  (OMW)  In  tha  Natharlands  (Fla.  4.1a).  tha  CCPRA  19 

Wind  Tunnel  (Fig.  4.1b)  at  Saclay  near  Parla.  and  tha  Baaing  Imrgo  Anachoic  Teat  Chamber 

(Fig^  4.1c)  in  Seattle.  Tha  ONW  romblnaa  all  aerodynamic  aad  acoustic  faaturoa  in  an  optimum  way, 
and  many  axparts  baliava  that  it  is  tha  bast  facility  lor  aaroacouatic  raaaarch  available  at  present. 

Aircraft  noise  raseareh  cannot  rely  on  ona  type  of  esparliwntatlon  only.  Often  a  combination  of 
full-scala  ground  and  flight  tasting,  aad  full-scale  and  modal-scale  wind  tunnal  testing  is  neces¬ 
sary  to  obtain  all  dasirad  Informstton. 


4.S  ntaht  and  aifum  ni  ||  “iiVf  af  ■ahaaaia  Jet  hwaiiiMaa 


Noise  certification  of  subsonic  Jet  earaplanaa  raqulros  a  minimum  numbar  of  •  valid  flights  for  each 
of  tha  two  test  procedures  'Taka-off'  and  'Approaah*.  tinea  both  flyover  and  aldaltna  noise  data 
are  to  ba  obtained  within  tha  take-off  flight,  in  principle  only  M  flights  aro  nacaaaary.  Tha  actual 
acquisition  of  noise  osrtlficatlon  data  Of  a  Chmitar  S  aircraft,  for  aaampla,  could  thua  ba  achieved 
within  a  rolativaly  short  time  span. 

In  practice  howavar,  preparation,  mat  eanduetanai  and  data  rs  duct  ion  raproaanta  a  aubalantial  ef¬ 
fort.  Praquantly,  tha  validity  of  a  MnH  liyavar  can  a^  bd  pataMlahad  SMa  ttno  '%llar  tha  fact", 
whan  off-llna  anslyala  had  bean  parliamad.  In  Him  wiaa  a  tpw  tnai  aartaa  mlMhl  bao^  aacessary. 


Fig.  4,1a  Canaan  Dutch  Wind  Tunnel  (DNW)  In  the  opan  taat  aactlon  configuration 


Fig.  4.1b 

ONBRA  CEPRA-IB  acouatic 
wind  tunnal,  a  facility  of 
CIPr  (Contra  d'Baaala  daa 
Propulaour) 


Ft*.  4  .Ic  Bwtng  Lars*  Beal*  An*cholc  T*tt  Chaaib*r 


An  alrfraaM  manufaeturvr,  having  to  go  through  th*  nola*  cortlflcatlon  procadur*  for  a  nawly 
davalopad  aaroplan*  would  tharafora  attampt  to  obtain  a  broadar  acouatlc  data  baaa  on  hia  "datumv- 
alrcraft,  axpactlng  th*  avantual  davalopaiant  of  "darlvad  varatona".  Pradlctlon  of  the  nola*  lavela, 
and  of  nola*  cortlflcatlon  lavaU  In  particular,  for  auch  a  darlvad  modal  could  than  to  a  large 
aztant,  or  oven  antlraly,  b*  baaad  on  data  fron  th*  original  aircraft.  Parhapa  only  a  few  check- 
flight*  would  b*  naeaaaary  or  flyovar  nola*  maaauraiaants  could  b*  oltmlnatad  altogathar. 

Darlvad  varatona  dtffar  phyalcally  from  th*  original  aaroplan*  In  a  number  of  raapacta:  for 
axampla,  thar*  could  b*  an  Incraaa*  In  taka-off  weight  or  angina  thruat,  or  there  could  be  changes 
to  th*  power  plant.  Also  a  darlvatlv*  aircraft  could  b*  stretched  or  shrunk.  Such  maasurea  are 
likely  to  affect  th*  nola*  aa  genaratad  and  radlatad  by  th*  aircraft,  as  wall  as  th*  rafarance-speed 
and  th*  dlatanea  between  th*  rafaranc*  aMasuraeiant  point*  and  th*  aircraft.  If  enough  Information, 
say.  on  th*  effect  of  engine  power  setting,  of  alrapead  or  ground-apeed,  or  of  distance  (slant 
dlatanea.  In  particular)  had  bean  obtained  on  th*  original  datum  aircraft,  many  acouatlc  changes 
in  th*  derived  version  could  be  accounted  for  analytically  or  by  means  of  (moderate)  data  extra¬ 
polation.  It  la  Imperative,  however,  that  th*  original  data  set  Is  axtenslve  enough  for  th*  purpoe*. 

In  the  following  aeam  aapeets  at  th*  acquisition  of  th*  necessary  Information  will  b*  discussed,  and 
an  approach  b*  ganarleally  described  how  flyover  nole*  may  be  predicted  on  th*  basis  of  full-acal* 
static  engine  teats  and  aMdal  experiawnta  of  Jet  engine  ccaqionent*. 


H  uplw  tK»  niiy Mtry  •tiwmiit  awiiiya  «tit  ■►■rtiill  ‘witoi/ifwwM/dHUiw  (NM)*  Mir»M 
•N  !•  tatMMnM  mmt  •  wi4«  f*t>,  <rjiNiiwHr  «if4M4aM>  II  Um  to  to  b«  uMrf  tor  ipr*- 
<IWta«  lirttftaaltM  1^  totoU,  M'  nl«i^  iwItoyitMtoir  u  tton  tML.  TIm  omvpMtttng 
MigtM  Stotor"  MrwMtor  wmM  tlton  b«  cMtor  Mw  Mt  tiirut  tor  «  low  bypaM  turbo-lM 
M«iM.  to  tiM  ton  iPtoUmal  ipM«  tor  a  hl«h  bypaaa  laii-lat  aaglaa. 


^  ■Nk  tlatoi  a  aantetoiit  aaabtr  al  natoa  MaaaraMtnto  Miat  ba  iMda  tor  dtftaraat  angtn* 

pawto  aa(Na|b«  apaadb  aad  (alaatl  dtotoaaaa.  tpamftaatftp.  "Ayawar/aMa^ltaa  aotaa  toato"  with  tha 
ainnrfi  ta  Um  takaMA  aaaKcWMiaa  aaaM  ba  eandiiBlWl  tor  *taka-alt*  aaftoa  pawar  aad  'eut>baek' 
aaa«Nb  pwto,  aad  aavaral  rataaa  ta  battatad.  "Appraaolt  aatoa  toata"  with  tha  airarafl  ta  tha  land- 
lag  aaalliaNdtoB  (laadtag  gaar  dtatopad)  aaaM  again  ba  eanduetod  with  diftorant  angina  pawar 
atiuaga  aad  nap  aaittaga. 


D«8Mi  PAMIVTai 

IThrudl.  Pin  SpMdl 


rig.  4.1  tohaMaUe  al  ganaraliiad  nataa  data  baaa  aaquiaiUan  far  uaa  in  tha  aaiaa  eartillcBtinn 
of  a  "Ilight-datuaK-"  and  than  far  tha  "dtrivad-varaian"-  aircraft 

htt  Ulaatratlaa  of  haw  data  pay  ba  aequirad  and  haw  tha  raawlt  Might  laah  Itka.  Kara 
RML  to  pltotod  for  paraaatara  thrtiat  (or  fan  ratotiaaal  apoad,  aa  tha  oaaa  May  ba>  and  diatanoa 
for  a  ftaad  flight  apaad.  Addtttoaal  plota  Muat  than  ba  obtatnad  for  a  auMbar  of  othar  flight 
apaoda.  Of  aowrar.  all  aatoa  data  awat  ba  oarraotod  to  tha  ratoranoa  atMoaphartc  eondiUana,  fallaw. 
tag  tha  ptaoaduraa  daaeHbad  in  laotton  1.1  af  thto  MMMagraph. 
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At  •  4«ri««4l  VHtlw  MAy  M  «viip»«4  «ltk  •  aaMTlMi  ptwar  pluit,  m)im«  mm  MoiiMt- 

eaUy  «nMitv«  ahMgM  l««4  bMi  Md*  M  Um  wtctMl  m^^Im  at  a  dtflmAt  (thoiigli  broAdly 
•tatlar)  Migliw  by  AnothAr  MAnufiAturAr  altht  Hava  Aaaa  InAUlM  on  Uw  mm  ntrfMM.  ritcbt 
lAAtint  lor  AAtM  oortlftoAUan  OAn  Uion  ofton  bo  avaIM  tbroMth  ooniMrAtlAA  |rA<md*«tettA  iaau  of 
both  thA  flight  dAtuAi  And  tbo  dArlvAtiVA  pownr  plnniA  wAing  atAtio  opnn  Air  iMt  (AolliilM. 

Haia  Um  phltoaophy  la  to  ftrat  obtain  aeouatie  data  on  tiw  datwa  angina  through  a  ground  taat. 
Tha  aoM  angina  •  inatallad  on  tha  airorAfl  -  will  than  ba  noiM  taatod  undar  aetual  flight  eondi- 
tionai  flight  and  aircraft  inatallatlon  affbota  on  the  angina  uoIm  will  thua  baoaaia  apparant.  It 
will  bo  advantagoouA  to  eonaidar  Individually  -  if  poaalbla  •  nolM  producing  oaaponanta  of  the 
angina  (a.g.  fan,  ooMpranaor,  turbina,  Jat*«ahautt)  and  of  tha  alrflraM  and  to  dataroitno  how  thay 
(individually)  arc  affaetad  by  tha  aetual  flight  eanditiona. 

It  la  new  argued  that  tha  flight  affaeta  on  a  (broadly  ainllar)  dartvativo  anglna/alrcraft  configu¬ 
ration  arc  quantltatlvoly  alallar.  Thua,  uatng  aeouatie  data  aa  obtalnad  by  aiaana  of  a  ground 
baaad  taat  of  a  dortva;ivo  angina  one  could  axtrapalato  towarda  tha  nelM  under  flight  eanditiona 
with  conaldarabia  eonfidonea. 

Tha  crucial  aapoot  of  ouch  ..tiproaeh  ia  tha  attainabla  accuracy  in  ptojooting  atatlc  noiM  data 
towarda  flight  noiM  data  for  any  particular  given  angina.  An  angina  in  flight  oparatM  under  ecn- 
ditiona  of  high-opaad  inflow;  alao  tha  angina  aahauot  Jot  la  aaroacouatically  affoctod  by  tha  change 
in  r^atlva  aubiant  speed,  loading  to  a  downwind  apraading  of  tha  Jat-aouroM. 

Individual  aapaeta  of  thia  approach  will  now  ba  diaouaaad. 

(a)  tnaina  Inflow 

In  static  taata,  the  inflow  into  tha  angina  muat  not  ba  affected  by  ground  affaeta.  Any  unsymmatry 
in  tha  intake-flow  will  aubatantially  diatort  the  noiaa  gonaratad.  In  flight,  aueh  unaymmatry  would 
not  nonaally  occur,  certainly  net  undar  condltlona  of  atraight  level  flight.  Tha  "distorted-inflow 
problam"  la  ■tnlulaad  by  ampleying  large  apharlcally  ahapad  inflow  acraana  (Fla.  4.3).  Tha  angina 
Itaalf  ahould  ba  aMuntad  aufficlently  high  above  ground  to  ensure  aasantlally  undisturbed  and 
radially  aynMMtrIcal  inflow. 

(b)  Inatallatlon  Effects 

In  predicting  tha  noise  of  tha  angina,  as  mounted  on  tha  aircraft^  Inr'.allatlon  affects  muat  ba 
aceountod  for.  Usually,  anginas  are  oMuntad  eloao  to  tha  wings  or  tha  fuselage.  Exhaust  noise  la 
particularly  affected  by  raflactiens  off  nearby  wing  aurfaoas.  Both  the  acoustic  intensity  and  tha 
noiaa  diroetivlty  could  ba  aubatantially  changed. 

If  tha  datum-angina  and  tha  derived  version  angina  are  broadly  similar,  one  could  expect  tha  In- 
fluanca  of  forward  spaed  and  angina  alrfranw  Installation  to  ba  similar.  Hence,  a  rather  atraight 
forward  atatic-to-flight  extrapolation  for  tha  "derived  varaion  angina"  should  bo  poasibla  on  tha 
baalo  of  tha  atatic-to-flight  ralationship  of  tho  datum  angina. 

(e)  Data  Analvaia 

Naaauring  the  flyover  noiaa  of  a  Jet  aircraft  equipped  with  amdsm  hlgh-bypsM  anginas  is  inherent¬ 
ly  oomplicatad.  Tha  apoad  of  tha  aircraft  relative  to  tha  ground  la  typically  much  higher  than  that 
of  prcpollar-drlvon  aareplanao.  If  tha  flight  height  is  low,  in  the  order  of  a  few  hundred  matara 
only,  M  would  be  tha  cam  during  initial  climb  or  final  approach,  tha  angular  radiation  angle 
diangM  rapidly. 


rtt<  4.3  Sphartcal  inuk*  How  atralthMiMr 


In  naaaurinc  thn  noiaa  froai  a  high  apaad  aircraft  In  ovarfllght  tha  inharant  Dopplar-affaet  eauwa  a 
tlBW-eoapraaaton  (during  approach)  and  a  tliaa-axpanalon  (during  fly-away)  of  tha  algnal  In  tha 
tiaw-donaln  dua  to  tha  aouroa  ■otion;  honea,  tha  apactral  Infonaatton  ohtainad  la  affactad  In  a 
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rig.  4.4  Do-Dopplarlaatlon  of  high-apaad/ 
low-alUliido  tlyovar  Jat-aircrafi 
aolaa  aignatura  (froaa  Raf,  34) 


numbar  of  vaya.  Ihla  la  aapaclally  trua  If  narrow- 
band  apactra  ara  to  ba  datomlnad  which  ara  of 
Intaraat  In  identifying  cartaln  tona-producing  com- 
ponanla  (auch  aa  tha  fan  or  coapraxaor-  and  tur- 
bina-atagaa) .  In  analyalng  flyovar  noiaa  atgnala 
for  raaaona  of  tonal  couiponont  Identification  It  la 
tharafora  nacaaaary  to  "da-Dopplar"  tha  acouatlc 
aignatura.  An  axcallant  daaerlptton  of  tha  ralavant 
tachnlqua  la  providad  In  |84|.  Thia  tachnlqua  In- 
volvaa  tha  calculation  of  tha  aoquanca  of  racap- 
tlon-tliMa  corraapending  to  a  particular  aat  of 
regularly  apaoad  aailaalon-tlaMa  for  an  aaauaMd 
aourca  poaltlon  and  valoclty.  Thia  way  an  amlaalon 
thaa  hlatory  la  conatructad  fron  tha  racalvad  alg¬ 
nal.  If  tha  aticrophona  la  aaaiplad  at  thaaa  racap- 
tion  tlawa.  than  tha  Dopplar-affoct  la  raawvad. 

In  apactral  analyala,  tha  abcuracy  aftar  tranaform- 
Ing  a  tiaa-affactad  algnal  to  tha  fraquancy  domain 
dapanda  on  a  trada-off  batwaan  bandwidth  and 
averaging  tima.  In  flyavw  noiaa  taata,  tha  aver¬ 
aging  tt«a  duration  la  limited,  atnea  tha 
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•MiMton  Migto  chanfM  By  iMlnc,  he««v*r,  •  auabar  of  MWnphMiM  tpAMd  tontitudinally 

undtr  Um  night  path,  ona  eaa  affaetivaly  Ineraaat  tha  avaragtng  tiM  withavt  laaing  angular 
raaalutian.  Ha.  4.4  (rapmduead  iraM  Maf.  Ml  lliuatrataa  tha  draauitte  UipravaaMnt  In  fraguaney 
raaalutlan  altar  Ja  Dapplariaatlan.  Whtla  In  tha  original  (Oepplar>attaetad)  aignal  tha  tanaa  - 
although  baing  claarly  diaeamtbla  -  appaar  braadanad  and  blurrad,  da*4)opplarUatlan  now  UMvaa 
thaaa  tanaa  ta  tha  earract  Iraguaney  (whara  thay  can  ba  ralatad  to  known  angtaa-aaaoeiatad  ratatia- 
nal  apaoda)  whila  at  tha  aaaw  tlnw  making  thorn  appear  much  aharpar  and  unblurrad. 

(d)  Saparatlon  af  tnalna  and  Alrlrama  Contrlbuttcno 

Tha  nalaa  algnatura  of  a  jat-powarad  aoroplana  eantalna  eontrlbutlona  tram  tha  anginaa  and  tha  alr- 
fraam,  Tha  angina  nalaa  Itaalf  oomblnoa  fan,  eora  (eombuatlon  and  turblna),  and  Jot  eontrlbutlona. 
Airframa  nalaa,  which  landa  to  damlnata  at  lower  angina  pawara,  aueh  aa  during  approach,  la  eaua- 
cd  by  tha  oxtarnal  alratraam  over  atruetural  eomponanta  (flapa,  landing  gaara,  whaal  walla,  atruta, 
atringart,  ate.).  Tha  aaaaaamant  of  the  contribution  from  airframa  nalaa  ahould  alwaya  ba  an  Inte¬ 
gral  part  of  any  flyover  noita  otudy.  Thla  may  by  obtained  by  conducting  flyovara  with  anginaa  at 
flight  idle.  The  radiated  nolaa  «tould  than  aaaantially  rapraaant  tha  aircraft'a  atrfraam  nolaa. 


Airframa  notao  ineraaaaa  approaimataly  with  tha  Sth  power  of  a  ropraaantativo  apaad  flight 
apaad).  One  could  thus  obtain  an  order  of  magnitude  eatimata  of  the  airframa  nolaa  at  higher 
englne-powara  and  flight-apeeda,  raapectivaly,  where  airfraam  nolaa  could  not  any  nora  be  deter¬ 
mined  directly. 

(a)  Jet  Hoiaa/Cora  Noiae 

If  ' the  affect  of  flight  on  jet  noiae  were  Juat  a  tranalatien  at  uniform  velocity,  than  an  overall 
Doppler  ahift  and  refraction  of  aound  at  tha  Jat/atmoaphera  interface  would  be  the  only  reault.  Tha 
reality  ia  more  complex,  becauae  even  if  ona  waa  only  to  compare  an  aircraft  in  atoady  flight  with 
a  itatic  ground  noise  rig,  the  flow  in  tha  jet  is  non-uniform  and  unsteady.  Thus  the  Doppler  shifts 
depend  on  location  and  time  within  the  let,  i.e.,  on  the  flow  structure. 

Sound  propsgation  in  a  Jet  is  affected  by  vortices,  turbulence,  shear  layers,  shock  waves,  and  any 
other  properties  in  the  flow  pattern.  A  Doppler  shift  varying  in  space  and  time  is  equivalent  to  a 
change  in  direction  of  propagation  and  frequency,  i.e..  all  these  flow  effects  change  the  directivity 
and  spectrum  of  sound.  Also,  even  if  there  was  initially  a  coherent  sound  beam,  with  all  waves  in 
phase,  propagation  through  the  non-uniform  or  unsteady  jet  flow  causes  phase  leads  and  lags,  and 
hence  distinct  wave  components  can  interfere. 

There  are  successful  examples  of  calculating  flight  effects  on  noise,  but  iii»y  involve  a  careful 
study  of  physical  phenonwna  and  sophisticated  mathematical  analysis.  Simple  formulas  allowing  the 
prediction  of  in-flight  noise  from  static  noise  teats  have  given  at  best  correct  trends,  because  of 
the  difficulty  in  taking  into  account  all  the  effects  mentioned  above. 

Prediction  of  tha  engine  noise  from  static  data  should  individually  cover  the  fan,  the  com  and  the 
engine  exhaust  Jet.  In  case  of  a  modern  high  bypass  engine,  the  engine  exhaust  itself  consists  of 
the  hot  com  Jet  and  the  surrounding  annular  cold  bypass  Jet.  The  <full-scale)  flyover  noise  from 
the  core  and  from  the  exhaust  Jet  may,  however,  be  predicted  on  the  basis  of  model  tests.  Such  an 
approach  Is  described  in  |25|.  Ham,  a  1/20-scaled  coaxial  hot/cold  Jet  experimental  set-up  corre¬ 
sponding  to  a  Rolls-Royce  RB  211  engine  was  placed  in  the  large  NGTB  anechoic  chamber.  Tha  co- 
annular  notsle  was  positioned  within  a  circular  flow  nossla  of  largar  diameter,  providing  ihs  for¬ 
ward  flight  simulation  air  stmam.  Measurements  wem  taken  with  microphones  placed  at  the  correct¬ 
ly  scaled  farfield  position  for  later  comparison  with  the  flyover  distance.  By  means  of  this  set-up 
the  "unlnstalled-engine"  Jet-noise  could  be  determined.  To  account  for  the  fact  that  the  aircraft 
engine  is  mounted  under  the  wing,  an  approprlataly  scaled  wing  was  placed  next  to  the  amdel  co¬ 
axial  Jet  set-up.  Com  noise  was  determined  on  a  static  full-scale  engine  set-up,  whem  by  means  of 
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welmlyw,  Uw  J«t  und  th«  «m«  mIm  opntrlbutlom  could  bo  ooporoiod.  Noitt,  » 
loudofoohor  oyotooi  um  put  upatroom  of  the  Inionml  eonttrtoody  ot  tho  prlOMry  noMlo  In  iIm  loodol 
ootHip  in  tho  onortwte  ehonhor.  A  htoodhond  algnct  woo  playod  Into  tho  loudopnltor  and  tho 
roouUlnt  notoo  woo  OMOourod  in  tho  prooonco  ot  o  ulnt,  but  In  tho  obooneo  of  flow.  Iho  rotultini 
dtroetlvltp  pottom  uu  then  oppliod  to  tho  "unlnotoUod  coro-on|lno'*  noloo  opoetruot,  no  nooourod 
utthin  tho  tull-oeolo  onglno  oaporlinonti. 

Thit  IntoMotlon  woo  tInoUy  uiod  to  dorivo  tho  eootblnod  "Inotollod  Jot”  ond  "instollod  coro"  noloo 
opoetro  ot  vorlouo  ongloo  oround  tho  on(tno  oshouat  orlftco. 


Mothoda  ot  axtropoloting  flight  oftaeta  on  noloo  applying  to  darlvottvoo  ot  on  oxtating  onglno 
oaauaM  that: 


•  tor  tho  oxtating  onglno,  both  atatic  and  flight  notaa  data  an  alnady  avallablo; 

-  tho  dortvativo  onglno  haa  a  almllar  eonfiguratlor.,  and  only  atatic  nolao  data  la  noodod. 

Thia  way  ot  oxtrapolation  aaauma  that  nolao  gonoratton  and  ahlolding  otfacta  tor  tho  original  and 
dorWatlvo  onglno  an  alxitlar,  which  could  bo  truo  it  tho  mochanlcal  configuration  and  oporating 
condition  an  almllar. 


On  tha  othor  hand,  it  would  bo  vary  difficult  to  axtrapolato  tram  tha  nolao  ot  a  turbojot  to  that  of 
a  turbotan,  avon  It  tho  con  onglno  won  tho  aama,  boeauao:  (0  tho  tan  amtta  much  mon  nolao  to 
tho  front  of  tho  onglno,  and  Iti  reduction  roquina  apodal  tochniquoa;  (10  tha  nolao  of  tha  Jot  con 
la  roducod  by  ntraetlon  In  tha  by>paaa  flow  ot  tha  turbotan.  Thua  ona  might  axpoct  tho  turbofan  to 
radiate  mon  nolao  to  tho  front  and  loaa  to  tho  nar  than  tho  comparable  turbojet.  A  quantitative 
prediction  of  the  affect  or  mothoda  ot  nolao  reduction  would  nquin  much  dotallad  ntaarch. 


4.9  Plight  Wolao  Tooting  of  Propollor-Aoroplanoa 


To  Invoatlgato  propollor  nolao  characterlatlca  by  meana  ot 'flight  axporlmontt,  aeveral  approachea 
an  poaalbla: 

(1)  Mounting  tha  microphone,  or  an  array  of  mlcrophonea,  on  the  aircraft  ItaeU.  Thu  provides 
a  nallatle  environment  for  the  teata  and  haa  tha  advantage  of  a  fixed  source/receiver 
configuration.  Uaually,  only  moaeuremonta  cloaa  to  tha  aource  are  possible  since  the 
maximum  attainable  dlatanco  between  tho  nlatlve  poaitlona  an  determined  by  the  aircraft's 
dimenslona  and  ita  geoawtry. 

(2)  Tho  use  of  a  low-nolao  companion  aeroplane  which  flloa  in  formation  with  tho  test  aircraft 
and  can  thonfon  maintain  a  fixed  nlatlve  pooltion  at  source  and  receiver.  Such  a  com¬ 
panion  aoroplano  can  carry  ona  or  man  mlcrophonoa.  Tho  advantage  of  this  approach  la  tho 
oaaontlally  complete  froodom  of  tho  nlatlve  positioning  of  source  and  recelvar:  tho 
eooipantan  aoroplano  may  fly  under,  above,  to  tho  side,  ahead  or  behind  the  teat  aircraft. 
In  thla  manner  a  oomploto  survey  of  tho  propollor  nolao  field  all  around  tho  taat-alrcraft 
can  bo  OMdo.  Tha  required  accurate  station  keeping,  however,  makes  this  test  difficult  to 
execute. 

(9)  Conventional  flyover  teata,  when  one  or  amn  stationary  ground  microphones  msasun  tha 
nolao  ot  tho  toot-aircraft  flying  over  tho  maaaureamnt  station. 


4.3.1  OuMi-^uttoBW  Twt*  to  PMrtM  of  AtecCTlfcHWimiwI  Micrwho— 

NmHMd  notMi  iMaiurUMnti  on  pvopallw  utreraft  can  b«ft  bt  by  (Muntitit  nieiiiphonM 

dln<)4y  bb  thb  Aircraft.  Tka  Bdcrcphonaa  arc  oftan  nuahnnountad  -.in.  tha  tuaat*^  aurfaea,  a  tach- 
lUbMa  tbiit  can  wi^  ba  aamibly  uaad  tor  wiagHaowntad 'jtrapaUwto  ttto.  tor  multipld^ngtna 

aaroplaiwa).  Altamatiaalyi  tha  mleraphona(a)  can  ba  Muntad' on  a  aupport  stmctura  (atruti  boom) 
off  tha  aircraft  wing  or  nae^la. 

(a)  Typaa  and  Arranaaaianta  of  In-fliaht  mcrophonaa 

Mlcrophonaa  attbaddad  in  tha  fuaalaga  aurtooa  ara  normally  uaad  to  atudy  problana  ralatad  to  Intar- 
ior  nolaa.  If  poattlonad  naar  to  tha  propallar  rotation  planot  such  mlerophonaa  ara  axpoaad  to  the 
periodic  ImplngenMnt  of  tha  rotating,  blada-aasoolatad,  prassura  field  and  to  the  naarfiold  acoustics 
of  tha  propallar. 

Tha  DORKIER  Company  used  fuselaga-ambeddad  1/4-ineh-diam  condenser  microphones  on  their  "TNT- 
Experimental  Aeroplane";  the  microphones  were  mounted  in  the  plane  of  rotation  of  the  propeller  and 
thus  at  the  given  distance  from  the  propeller  hub  |26|.  The  microphone  signals  are  however  affect¬ 
ed  by  the  surface  boundary  layer  noise  and  by  structural  vibration.  These  effects  are  not  very 
significant  as  the  microphones  are  very  close  to  the  source  and  the  signal  is  strong. 


Although  used  for  noise  studies  on  a  commercial  Jet-liner  (a  B  747),  rather  than  on  a  propeller- 
aeroplane,  the  approach  taken  by  the  Boeing  Commercial  Airplane  Company  is  of  interest  in  this 
context  |27|,  Here  a  fluctuating-preasure  transducer  was  mounted  in  a  special  housing  inside  a 
rivet  hole.  This  sensor  had  to  be  insensitive  to  weather  and  other  environmental  effects,  small  (ap¬ 
proximately  1/10  "  diam"),  and  capable  of  measuring  surface-pressure  levels  or  acoustic  levels  from 
as  low  as  86  dB  up  to  130  dB.  While  condenser  microphones  would  be  the  preferred  choice  for  this 
purpose,  they  are  rather  sensitive  to  moisture  and  cannot  be  installed  in  advance  of  a  flight  test 
series  and  then  be  left  exposed  to  the  weather  and  mechanioal  hasards.  Therefore  a  piese-electric 
type  was  selected.  On  earlier  ooeasions  sensors  had  boon  bonded  to  the  outside  fuselage  surface 
with  leads  taped  to  the  skin  and  routed  to  the  interior  through  a  window  blank.  As  these  sensors 
protruded  above  the  surface  of  the  fuselage,  they  had  a  tendency  to  generate  self-noise,  thus 
defeating  the  purpose  of  low-noise  neaeureieeRta.  Tha  problem  was  solved  by  mounting  an  appropri¬ 
ate  small-diameter  pressure  eeitbek  in  an  available  rivet-hole. 


nc.,4^8a  .Utlartf^bMia  n$^:  hwp  array. .pa  .Ceeana  airoraft 


Microphone-carrying 
nose  booms  are  also 
often  used.  Figs. 
4.6a  and  b  show  two 
examples,  one  repre¬ 
senting  an  array  of 
microphones  on  a 
Cessna  T307,  the 
other  on  a  Fairy 
Gannet,  both  for  use 
in  propeller  noise 
studies. 

In  the  context  of  a 
natural  laminar-flow 
experiment  on  a 
B  767  test  airplane, 
a  .  mierophona  probe 
for  oNaaurlng.  engine 
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Fig.  4.Sb  Microphon*  nose  boom  on  Fairy  Gannett  aircraft 


noise  near  the  laminar-flow  glove  on  the  wing  is  described  in  |28|.  Here  the  original  condenser 
microphone  of  a  commercially  available  1/4-lnch-diam  nose-cone  arrangement  was  replaced  by  a 
plaso-resistive  sensor  of  the  same  dl.'.iiater.  In  this  way  the  low  self-noise  qualities  of  the  nose 
cone  arrangement  with  the  sturdiness  and  the  insensitivity  to  ambient  influences  of  the  piezo-resi¬ 
stive  sensor  were  combined. 

Self-noise  studies  of  nose-cone  equipped  microphones  using  a  'Janus'  sail  plane  are  discussed  in 
|29|.  Here,  an  a^ray  of  several  parallel  booms  on  the  glider  wing  (Fig.  4.6)  allowed  a  direct  com¬ 
parison  of  diffe¬ 
rent  nose-cone 
diameters  under 
identical  condi¬ 
tions.  A  dimen¬ 
sionless  plot  of 
1/3-octave-band 
self-noise  spectra 
for  cones  on 
1/4"-,  1/3"-,  and 
l"-diamster 
booms  showed 
that  the  latter 
was  superior  to 
the  two  others 
(Fig.  4.7). 


(b)  Propeller  Wolse  Measurements 

l^arfield  studies  bn  Counter-mtatt^  Proaellere 

THe  itolae  oii  the  counter-riirttiii/ prepelto»  ((iwtV  oT  .the  Feiey  Qtwnet  alrereft  predueed  a 
retMr  InMgiiii^' eipeiimental  result:  as  both  propellers  could  be  operated  Independently,  it  was 
possibls  to  drive  them  at  slightly  difforeitt' rtdiattonit  speeds,'  At  Aqual  RPMs  hhd  blade  nuinbers. 
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Fi(.  4.7 

Compkr)'  of  norma- 
llnd  telf-nolM  spectra 
of  ogive  nose-cone 
equ^peti  condenser 
mferpphonss  of  different 
diameters 


both  the  steady  and  the  unsteady  source  effects  would  produce  noise  components  at  the  blade 
passing  frequency  of  one  rotor  and  its  harmonics,  and  no  new  frequencies  are  introduced  by  the 

second  propeller. 

n  Each  propeller  pro¬ 

duces,  however,  its 
own  set  of  funda¬ 
mental  and  har¬ 
monic  frequencies 
due  to  the  steady 
sources  (thickness 
and  blade-load¬ 
ing),  which  can  be 
readily  Identified 
on  account  of  the 
slight  difference  in 
RPm"  (Fig.  4.8) . 
The  obvious  peak 
in  between ,  now , 
is  due  to  unsteady 
aerodynamic  inter¬ 
action.  These  re¬ 
sults  are  theoreti¬ 
cally  explained 
and  physically  de¬ 
scribed  in  1 30  and 
31 1.  The  method 
provides  a  powerful 
diagnostic  tool  in 
CRP-noise  research. 

Fig.  4.8  Frequency  splitting  in  the  noise  from  a  Hamilton 
Standard  Gannet  counter  rotating  propeller 
operating  at  slightly  different  RPMs  (from  Ref.  31) 

Another  interesting  test  result  of  this  experiment  is  shown  in  Fig.  4.9.  providing  the  aaimuthal 
variation  for  tfie  first  four  harmonics  of  the  blade-passing  frequency  (BPF).  This  information  was 
obtalnaii  by  vary  slowly  Increeyintinf  the  mesh-point  around  tha  propeller  clrcumforenoe  .  and  record¬ 
ing  harmonic  sound  pressure  variations  as,  function  of  time.  Thus  tha  pattern  was  moved  past  the 
"stationary"  microphone  boom.  (This  result  illustrates  the  importance  of  considering  different 
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•ilffluthal  locli- 
tloni  In  countw- 
rotatlna  propal- 
ler-noiM  r*- 
March,  rnthar 
than  only  one 
aclmuthal  loca¬ 
tion,  aa  would 
ba  Bufficient  in 
ainglo  propeller 
conflguratlona  at 
no  angle  of  flow- 
incidence). 


Fig.  4.9  Counter-rotating  propeller  circumferential  directivity 

at  blade  paaaage  frequency  and  higher  harmonics  (from  Ref.  31) 


Separation  of  Propeller  and  Engine-exhaust  Contributions  based  on  Pressure  Time  Histories 

A  piston-engine  powered  propeller-aeroplane  radiates  noise  from  the  propeller  and  from  the  engine. 
Since  the  engine  "firing  frequency"  and  the  propeller  blade  frequency  are  often  harmonically  relat¬ 
ed,  it  may  be  difficult  to  separate  one  from  the  other.  For  near-field  flight  noise  testing  it  is 
particularly  desirable  to  separate  these  two  to  evaluate  the  relative  noise  contributions  and  their 
dependence  on  flight  operational  parameters  of  Interest.  Such  tests  should  preferably  be  done  on  the 
flying  aircraft. 


A  procedure  is  desrribed  in  |32| 
where  the  two  sources  -  after  pro¬ 
per  Identification  -  are  electro¬ 
nically  separated  to  obtain  the 
"clean"  propeller  signal  at  a  pre¬ 
determined  observer  position,  in 
this  case  at  a  wing-tip  micro¬ 
phone.  Fig.  4.10  shows  the  test 
aircraft  and  its  sting-mounted 
microphones  on  the  wing.  Here  'Ml' 
designates  the  wing-tip  microphone. 
Another  microphone,  'M7',  was 
positioned  very  close  to  the  engine 
exhaust  orifice.  From  the  tape- 
recorded  data,  the  "exhaust-noise 
signal  was  subtracted  from  the 

combined  signal  after  appropriate  adjustment  in  amplitude  (to  account  for  the  propagation  path 
attenuation  from  the  exhaust  to  the  wing-tip  microphone)  and  in  phase  (to  account  for  the  sound 
propagatlcn  time).  Fig.  4.11  illustrates  this  process:  (a)  shows  the  engine  exhaust  signature  of  the 
6-cyllnder-engtne  measured  very  closeby  to  the  exhaust  outlet  -  the  repetitivo  pattern  for  the  6 
pedks  lb  clearly  discernible:  (b)  represents  the  combined  signature;  (c/left)  shows  the  (adjusted) 
exhaust  signature  superimposed  on  the  "contaminated"  total  sig..atura  and  (c/right)  the  "clean" 
slf Mature'  of  the  propeller  only,  after  subtraction  of  the  exhaust-noise. 


Fig.  4.10 


Test  aircraft  Cessna  T207  with  microphones 
for  propeller  near  field  nolst  studies 
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Exhaust  pressure  signaturt'  of  6 -cylinder  piston  engine 
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Propeller /engine  exhoust  signature 
I  Combined  and  clean  signatures 
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Fig.  4.  11  Prooadur*  to  extract  the  "clean"  propeller  nolte  algnature  rrtan  a  algnatura  containing 
both  propeller  and  engine  exhauat  contrlbutiona 


Thii  approach  is  useful  when  the  gear  ratio  between  the  engine  and  the  propeller  is  such  that  a 
direct  source  identification  of  the  propeller  and  engine  rotational  frequencies  is  net  possible. 

Determination  of  Real-time  Blade-Pitch  Setting 

Variable  pitch  propellers  automatically  sdluat  their  pitch,  depending  on  the  inatantaneeue  load  on 
the  propeller.  There  Is,  however,  no  direct  Indication  in  the  eeckpit  of  the  blade^itch  since  there 
la  no  "need  to  know"  for  the  pilot.  In  research  it  is  sometimes  of  interest  to  OMnltor  not  only  the 
average  blade  pitch  angle  but  also  its  variation  with  time,  since  there  is  a  direct  bearing  on  the 
noise  produced. 

For  that  purpose  one  could  project  a  narrow  beam  of  light  towards  the  rotating  binds  which  has  a 
narrow  strip  of  reflecting  tape  at  the  appropriate  location.  The  ratio  between  the  duration  of  time 
where  light  is  reflectsd  and  where  no  light  is  reflected  is  an  indication  of  the  blade-pitch  angle; 
steeper  angles  thus  causa  shorter  reflection  blips,  and  vise  versa.  Since  such  optical  information 
can  be  readily  recorded  on  tape  together  with  any  acoustic  information  of  intarest,  a  direct  corre¬ 
lation  between  these  parameters  is  possible. 
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4.«.t  riy-fcy  Tmum 

tn  th*  Mchnlquf  of  "fly-by  tMting"  both  th«  tMt  object  (the  propolhr  aoropUno)  and  the  micro- 
phono  -  atta^od  to  a  ecagaanlon  MrapUno  -  fly  in  lormotiMi*  Ihis  can  bo  doM  at  afaaeat  any  do- 
airod  rolatiV#  opaotl  -  including  aarb  -  and  at  any  rolattvo  poaition  with  roapoct  to  each  other 
(rii.  4.18). 

Flyby  tasting  effort  the  following  advantagoa: 

0  roalittic  flight'  condition 
o  abaonoa  of  ground  proaimity  affects ,  such  as 

-  mieroturbulanca  duo  to  aolar  heating 

-  strong  temparatura  gradisnts  near  to  the  ground 

-  a  ground  surface  atsMsphoric  boundary  layer 
o  abaanea  of  ground  reflection  to  tha  microphone 

0  ebsanoe  of  pronouneod  atnoapharte  teaiperature  differancee  batwaen  source  and  receiver 
o  generally  similar  wind  conditions  for  both  the  "test-"  and  the  "rocaiver"-aeroplane 
o  very  low  ambient  noise  (only  aerodynamic  noise  induced  by  the  microphone)  especially  when 
a  glider  plane  is  used  as  a  pacer  aircraft 

o  possibility  of  effectively  shielding  engine  exhaust  noise  contamination  by  flying  at  the 
"exhaust-averted"  side  of  tha  test  aereplano 


Taste  employing  a  powered 
glider  (whose  engine  was 
turned  off  during  tasting)  to 
carry  the  measuring  micro¬ 
phones  |33|  showed  the  fea- 
sabillty  of  this  approach 
(Fig.  4.13).  The  test  pro¬ 
peller-aircraft,  a  single- 
engine  Jodel,  passed  the 
glider  at  a  relative  speed 
of  100  km/h,  i.e.  much  less 
than  the  actual  flight  speed 
of  the  Jodel  (330  km/h)  and 
at  a  distance  of  approxi¬ 
mately  100  m.  An  important 
advantage  of  this  slow  rela¬ 
tive  speed  is  that  the  radi¬ 
ated  noise  signature  changes 
more  slowly  than  when  the 
microphones  are  on  the 
ground.  The  figure  shows 
the  propeller  noise  pressure- 
tlnM-hlstorlss  during  three 
successive  80  ms  tiSM  inter¬ 
vals,  where  the  glider  was 
ahead,  beside  and  behind 
the  test  aircraft,  respective¬ 
ly.  The  changes  in  pulse 
width,  amplitude  and/or 
orost-factor  of  tha  individu¬ 
al  pulses  as  a  ftimdlon  af 
wdUtlan  dlractlsm  sx« 
avldSM,-' 


Fig,  4.13  Propallar  nolM  pr«Mur«  tlM  hlitoriM  as  obaarvad  at  anglaa  'forward',  in-pUna'  and 
raarward'  during  flyby  with  propaltar  •  0.79  (frtMa  Raf.  33) 


4.3.9  Flyawar  Maaiunmta 

Tha  OMit  widaly  uaad  taat  proeadura  to  atudy  tha  noiaa  of  full-aoala  propollar-drivan  aircraft  it  tha 
flyovar  taat,  aa  alao  aaiplojrad  in  noiaa  eartifieatlon.  Tha  aircraft  fliaa  ovar  tha  acouatic  maaaura- 
■ant  atation  on  tha  ground  at  a  apocifiod  flight  haight.  Poaaibilitiaa  to  obtain  incorroet  data  by 
aiieh  a  proeadura  ara,  hotravar,  aanifold  and  tha  acquiaition,  analyaia  and  intarpratation  of 
aoeuatie  data  nuat  ba  eonductad  in  a  vary  caraful  aiannar. 

Data  acquiaition  tachniquaa  and  prooaduraa  largely  oorraapond  to  thoaa  aaployad  in  noiaa  certifica¬ 
tion  taeting.  Data  reduction  la,  howovar,  often  conducted  in  a  different  way,  dapanding  on  tha 
problaa  at  hand.  For  aaaapla,  data  aay  ba  analyaad  in  narrow-banda  to  facilitata  Identiflcatlen  of 
Individual  noiaa  aoureaa.  It  ahould  ba  raaawbarad  that  a  flyover  noiaa  aignatura  la  inherently  of 
tranaiant  nature  and  certain  procautlona  ara  naeaaaary  to  obtain  corract  narrow-band  apactra  flren 
a  flyovar  notao  aignatura,  aa  it  ia  affected  by  a  Dopplar-fraquancy  ahift. 

(a)  Harrow-band  Analyaia  of  a  Tranaiant  Flyover  Noiaa  Signal 

Analyaia  Conaldaratlona 

During  a  typical  flyovar,  the  (unwalghlod  or  A-walghiad)  noiaa  loval  will  Incraaaa,  aouMtiawa  rathar 
rapidly,  Am  dia  nnhiant  Mdaa  laval  to  a  ■aatanm  and  drop  baek  Into  tha  aatblant.  Tha  fraquaney 
oantant  of  tha  obaarvad  algnal  will  alao  ehanga,  baeauaa  of  tha  dlraetlvlty  of  tha  aource  and  the 
Dapplar-affaat.  Far  a  narrow-band  analyaia  ralatlvaly  naall  tlna-lneraawnta  nuat  bo  choaan,  aa  both 
dtatanaa  and  alhnt  Anglo  with  raapact  to  a  ground  baaad  obaarvar  ehanga  rapidly. 

Iha  fundnatantil  tang  af  tha  grapallai'  noiaa  appaara  in  tha  fraquaney  apaetrua  aa  tha  preduet  of 
tha  WHflar  at  ravqtutlana  par  aaAond  and  tha  nuafcar  af  bladaa;  hanaotilca  am  aMltlplaa  of  thla 
MbddMhtal  IMt^taatp.  Far  tha  ground  baaad  abaarvar,  thla  fundaawntal  propallar  flraqwaney  (and 
dH‘’l>Aiilig|w)"ahabiba  Haring  tha  flyavar.  Mr  a  laval  flyovar  aflnatlon,  tha  ibaarvad  grapallar 
AiWifrMgigaiiHM  l»  lUnHlaAl  tMh  tha  aalart  pinprilar  iHndMMnut  at  tha  MMnt  whan  tha 
ahaniaor  waalvaa  tha  aannd  MHia  wnt  radlitad  lar  tha  plbiia  af  ramtan  af  tha  nragallara. 
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If  tlw  prap*lltr  RM  la  not  iMnttorcd  in  tha  eoekpU  tho  prepallor  rotation  apaad  can  alao  bo  dotor* 
minad  trcm  m  plot  of  obaarvod  rotational  fraquoncy  va.  tioM.  or  va.  radiation  direction.  Whan  tho 
aircraft  fllao  at  low  apaad  or  at  a  fairly  larfo  hoifht,  i.o  In  a  aiannor  auch  that  tha  a«iaaton 
angle  changoa  alowly  with  raapaet  to  a  ground  baaed  obaarvar,  tha  propallar  rotational  apaad  can 
ainply  ba  taken  aa  half  tha  average  of  tha  alaMot  oanatant  froquanclaa  during  approach  and  during 
rooaaai  raapactivaly,  aa  illuatratad  in  rig.  4.14  IMl. 


Fig.  4.14  Change  of  propallar  rotational  frequency  dua  to  tha  Oopplar-affoct  during  loval  fly  •over 
aa  obaarvod  on  tha  ground 

F:,  xaaqple,  one  may  now  analyaa  tha  flyover  notaa  aignal  at  daairad  tine  intervale,  o.g.  every 
1/2  aacond  •  However,  alnce  tho  aignal  ia  non-atationary.  tha  analyala  duration  muat  nocaaaarily  ba 
rather  ahert.  Thera  ia  a  relationahlp  between  tho  frequency  band  range  to  be  analyaed.  apecifically 
tha  upper  frequency  limit  f^j.  the  reaolutlon  in  terma  of  an  analyaia-band-width  Delta  f.  and  the 
minimum  required  analyala  duration  Dalta  t. 

One  particular  eoanaorcially  available  narrrow-band  real  time  analyaar  can  reaolva  a  frequency 
band  range  into  S13  pointa.  Thua.  if  tha  frequency  band  of  intaraat  waa  0  Hi  to  1600  Ha.  tho  ana- 
lyaia  bandwidth  Delta  f  (l.a.  tho  raaolution)  la  1600/513  •  3.136  Ha.  If  tho  frequency  band  of  in- 
tereat  waa  12600  Ha.  tha  raaolution  ia  38  Ha.  If  a  high  raaolution  ia  required  tha  frequency  band 
range  aniat  h^-  "'owed.  There  are  other  coeaaerciaUy  available  analyaera  with  different  raaoi- 
utu  '  .  $udi  '  pointa  or  400  pointa. 

The  analyaia  time.  i.e.  the  tbae  within  which  tha  complete  narrow-band  apectrum  can  ba  evaluated, 
dependa  on  tho  aampllng  rata.  For  a  frequency  band  of  1600  Ha  and  a  raaolution  of  513  data 
peiala,  each  data  point  oan  be  detected  within  186.25  iiaac.  The  entire  apectrum  would  than  require 
822  X  .188.28  pat.-  •.  about.  80  adlUaeoonda.  For  a  fraquenoy  band  of  3200  Ha  (with  the  oorre- 
igandiag.  aamlya^i  width  of  6.38  Ha)  the  aampllng  rate  would  ba  78.128  paact  henoa  tha  entire 
ipgalrimt  weutit  >  .vailable  altar  about  40  miliiaaeanda.  Thu.  In  thia  eaae  lJ)io  product  of  temple 
ttawrami  tragpinqy  han4.  cangn  ia  oeniiiant  liOM  d^ala  y  -  .128. ,  Jig.  *.I8  akawa  I8t0  aample 
duration  and.  tha  IToquapay  raaolutloa  oa  ftMtefiap, of  tbo  baquoMy  band. .  . 
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In  «rdtr  w  incfMM  th*  ttaUMIeBl 
eoMtldMM*  It  U  btttw  M  aiialyM 
Um  inUMlMt  atfliwl  M  tiM  bMta  of 
M««r«l  •uoQtMlv*  MapiM.  WMtiMr 
Ihia  It  teatlblt  dtptndlt  on  tha  <dta- 
raetartatlea  of  tha  signal  tlaw  ht- 
atary,  in  particular  on  its  alopo 
with  tiBM.  If  tha  Bignal  ehangaa 
vary  rapidly,  than  only  faw  analy- 
aia  aaaplaa,  o.g.  4  can  ba  auida, 
loading  to  4  a  M  aa  •  340  aa,  or 
roughly  a  1/4  aacond  of  analysis 
tima  during  which  tha  noiaa  lavsl 
may  change  by  ana  or  two  dBa. 
Taking  aero  aaaplas  io  incraasa  tha 
atatistical  confidsnea  would  dangor- 
ausly  lengthen  tha  analyala  tiam. 
Thus,  whan  analysing  a  tranalant 
\  (flyovar)  noiaa  aignal  from  one  awaauring  aicrophona  only,  tha  ccabination  of  fraouancy  band  and 

j  statiatlcal  confidonea  auat  bo  earofblly  aalactod,  taployawnt  of  sararal  longitudinally  apacad 

aicrophonaa  will  again  help  in  analysing  a  tranaiant  aignal  aa  pravieualy  discusaad  in  4.3. ate). 

I 

haparation  ef  tha  Praoallar  and  tnaina  Contribution  baaed  an  Traouancy  apactra 

4.16  ahowa  flyavor  narraw>band  spectra,  taken  at  3  ascend  intarvala  from  an  ultralight  air¬ 
craft  (aao  |34|):  bath  prepallor  noiaa  and  piaton-angina  aahauat  noiaa  cantributa  to  tha  aignal.  Tha 
froquaney  band  range  was  0  to  1600  Ha,  with  a  corraapandtng  analyaia  bandwidth  ef  3. 135  Ha.  Tha 
prepallar  retational  blada  ftMdamantal  waa  known,  aa  waa  tha  angina  firing  fundaamntal  fraquancy. 
Tha  gaar  ratio  was  auct.  that  thaae  fraquancioa  ware  not  ralatad.  Thua  it  was  peaaibla  to  diffarantl- 
ata  batwaan  propaller  and  angina-contribution  in  an  unequivocal  manner.  Similar  spectra  had  bean 
obtained  over  tha  entire  tiam  span  of  tha  flyover.  The  contributiona  ef  each  harmonic  ef  the  prcpal- 
lar  ware  added  to  obtain  the  overall  nranallar-noiaa  level,  and  thcaa  of  tha  angina  to  obtain  tha 
overall  anaina-noiaa  level.  Tha  tima  historiaa  of  bath  (A-waightod>  prepallar  and  angina  noiaa  levels 
are  shown  in  Fit^  .IT.  Tha  sum  ef  these  two  is  also  ahown,  togathar  with  tha  criatnallv  amaaurad 
signal.  Tha  latter  is  clearly  higher  than  tha  sum  of  the  prepallar  and  tha  angina  harauinic  (I)  con¬ 
tributions.  Tha  diffaranca  must  ba  attributed  to  broadband-noise  sources  from  tha  propeller  and  tha 
alrfraam. 

A  prepallar  or  a  turbine  emits  noise  net  Just  as  a  eonsaquanee  of  blada  thieknaaa  or  blade  leading, 

I  but  aloe  baeauaa  it  shads  vorticity,  which  emits  sound  as  it  is  convactad  downstream  in  tha  wake 

flow.  Tha  fact  that  tha  wake  flow  is  also  noisy  haplias  that  tha  overall  'noise  source'  would  ba 
downstream  of  tha  prepallar.  Whan  speaking  of  'location'  ef  a  acurca  of  sound  scam  ears  should  bo 
axarciaad.  Given  a  sound  field,  there  are  amny  possible  source  distributions  which  could  ganarata 
it.  Aimng  thaae  'equivalent'  modal  aourcas,  the  Idantiftcation  ef  tha  real  source  of  sound  may  net 
ba  aa  oaay  task,  unloas  there  is  aana  'a  priori'  knowladga  of  the  aound  generation  smehanima.  In 
the  latter  case  wa  could,  far  example,  diattnguiah  the  noise  radiated  by  tha  prepallar  from  tha 
noiaa  smlttad  by  vorticity  in  tha  wake:  tha  latter  should  have  a  continuum  spectrum,  sinos  a  range 
at  flow  valacitias  and  Depgiar  shifts  are  possible  in  tha  wake  flow.  This  axampla  lllustratoa,  how  a 
narrow-band  analyaia  of  transient  flyovar  aaiss  of  prapallar-drtvon  aareplanas  can  ba  uaad  to  study 
noiaa  contributions  from  different  souresa  on  an  aircraft,  i.a.  prepallar  harmonic,  angina  hanaonlc, 
and  aircraft  broadband  aourcas.  It  should  ba  amphasissd  that  tha  data  ahowa  in  tha  prsviaua 
figures  were  all  ebtalnsd  by  Usana  of  tavertad  mlcrcphenss  abewa  a  ground  beard,  tha  arrangsmsnt 
as  shewn  in  Pig.  3.4Tb.  The  analysis  would  have  bean  much  mars  oaagilioaiad,  if  the  custaauuT 
mteraphama  paattian  1.3  m  (>  4  fsati  abava  graund  hi^  bsen  uaad.  This  prablsm  is  tha  subject  of 
yw'  .faBaiiing  aaetiah. 


upper  Fraquancy  UsN  al  Frequency  land  Hangs 

Pig.  4.15  Dspondanea  of  sampla  tins  'Delta  t'  and 
analysis  bandwidth  'Delta  f  on  the  fiw- 
quancy  band  range 
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TtM  iMMcal  pnblMi  of  tntorforoiiM  botwoon  diroetly  iMldonl  ontf  ground-roftoctod  oemid  wovoo 
rodtoMd  fNM  00  oli*«rofl  in  flight  lo  llluotrotod  in  fte.  4.11.  Nmoonuo  poporo  138  -  38|  hovo 
oiWioiiid  thto  pfobiooi.  Tho  fOllowiaf  dtoeuootm  to  lorgoly  boood  on  |40|. 
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rig.  4.18  (o)  ttihOoiottB '  rip>Oiimion  of  ground  roflocUen 

^  inio»»row>  probloa  i 

(b)  liyordnoi  of  (m  dtroot  (0)  ond  tho  ground 
iignol  on  o  ■lerophono  i^ttonod 
ooM  dtoioneo  obpoo  tho  ground 


If  diroct  ond  rofloelad  oinuooidol 
proMuro  wovoo  with  path  longth 
diltoronea  Ar  and  wavolangth 
A  inlorftro,  tho  aeouatic  proa- 
auroa  at  tho  Merophona  ahow 
fraquancy  dopondant  dllfOroncaa 
froai  thooo  of  tho  dtroctly  inei- 
dant  wavo.  froaouto  doubling  - 
eorroaponding  to  an  Incraaaa  of 
8  dl  -  will  occur,  whan  tho  ra¬ 
tio  Ar/  X  aaauaaa  valuoa  of 
1,  t,  3,  ate.!  altamatlvaly,  a 
praaauro  eaneollation  -  corro- 
aponding  to  a  docroaaa  by 
-oo  dB  -  will  occur  whan  tho 
ratio  3  >  A  r/  X  aaauaMO  valuoa 
of  1,  3,  5,  ate.  Tha  partodlclty 
of  thia  intarfaronco  dapanda  on 
(i)  tho  Biicrephona  hatght  obova 
ground,  (It)  tha  aaibtant  taapa- 
raturo,  and  (tii)  tho  aound  in- 
cidont-anglo. 

An  incroaao  in  tha  microphona 
hatght  would  thua  raduca  tha 
fraquoncy  diffaranca  batwaan 
thaao  varloua  aiaxlBa  and  aini- 
na,  and  viea  varan. 

Anothor  important  paramatar  that 
affacta  tha  ahapa  of  tha  intar- 
faranoa  function  la  tho  analyata 
bandwidth.  Tha  Intarfaronca 
ahown  in  .19  corroaponda 

to  a  fraquoney  analyata  with  an 
Inflnttaly  narrow  bandwidth.  In- 
eroaalng  thia  bandwidth  raaulta 
In  a  "alurrtng"  of  tho  maxima 
and  minima.  Tho  uppor-bound  ia 
a  froquoney-indapandont  laval 
incroaao  of  3  dB  (providad  that 
tha  integration  waa  oxtandad 
ovor  tho  ontira  froquency-raglma 
with  a  whito  noiao  aouroa).  If 
tho  noiao  aignaturo  containa  pro¬ 
nounced  tonal  oompononta,  aa  in 
tha  eaaa  of  propollor  aircraft, 
the  monaurad  noiao  apbetnun  ia 
atrongly  afUctad  by  the  rdatton 


IM 


ftg.  4. It  NonialiMd  rapMMnutlan  of  Inur- 

ftronco  function  roforoneod  to  froo- 
hold  condition  (from  Rof.  40) 


of  tho  porlodtclttoo  ol  tho  propoltor  roMtlonnl 
hnrmonleo  and  tho  Intorforonco  function. 

rit.  4.10  llluatratoa  t«o  oaamploa  of  ground- 
rofloctlon  dlatortlona  In  tho  propollor  flyovor 
noloo  apoctra  obtained  (rooi  mlcrophonoa  1.1  m 
above  a  (graaay)  ground.  Colncldonco  of  the 
ground-roflaetlen  aa^tllfloatton  froquanclaa  In  tho 
Intorforonco  pattern  and  the  harmonic  froquoncloa, 
aa  ahown  In  Fig.  4.a0a,  roprownta  a  rare  and 
rather  coincidental  caaa.  Tho  more  frequent  and 
typical  situation  appoara  In  Fig.  4. Mb,  where 
seemingly  erratic  level  changes  of  the  first  few 
rotational  harmonics  may  be  observed. 


-  Hlah-fronuency  Broad-band  Noise  Correction 


Ml 


Attamptlng  to  oorroet  such  a  snaaured  spectrum  to  compensate  for  ground  reflections  rsises  one 
major  problem;  When  comparing  the  shape  of  the  ground  reflactlon  Interference  -  as  calculated  on 

the  basis  of  geometric  acoustics  -  with 
the  measured  spectrum,  one  obtains  (cal¬ 
culated  Intarfaranco  caused)  level-diffe¬ 
rences  of  more  than  25  dB;  measured 
level-dips  -  caused  by  reflection  effects 
-  on  the  other  hand  amount  only  up  to 
IS  dB  at  high  frequencies.  In  this  case 
the  prevailing  noise  floor  would  "fill" 
the  level  dips.  Reflactlon  corrections  on 
a  purely  theoretical  basis  would  thus 
necessarily  lead  to  erroneous  results, 
unless  a  proper  interference  Integral 
calculation  Is  performed;  the  latter  takes 
into  account  phase  differences  and  can- 


10 

0 
*L 

•W 


rig,  4.M 


(a)  example  of  coincldenco  of  ground 
tenortlon-causod  aaqillflcation  and 
attanuation  pattern  and  propeller 
harmoatc  Itwquenoles  from  flyover 


(b)  taampta  of  off-aot  ampllfiea- 
tlon/attanuatlon  pattern  with 
faspoet  to  hanaonlc  spectrum  from 
ni^svar  smaaursmoitts  (from  Rof. 


collation  or  reinforcement  effects  between 
several  wave  components,  and  involves  a 
calculation  less  straight  forward  than  a 
simple  superposition  of  direct  and  re¬ 
flected  waves. 

Thus,  s  signal-to-notse  ratio  of  10  dB(A) 
-  as  required  for  the  ANNEX-16  certifica¬ 
tion  -  does  not  suffice  for  a  theoretical 
reflection  correction.  Worse  still,  it  is 
neat  to  impossible  to  even  realise  the 
necessary  narrowband  slgnaUto-noise 
ratio  In  sacess  of  90  dB.  In  conse¬ 
quence,  one  can  not  expect  that  a  cor¬ 
rection  of  the  high  frequency  (quail 
breadbatd)  propeller  noise  component 
will  lead  to  the  commonly  adopted  -3  dB 
level  difference  In  reference  to  the 
ground  located  microphone,  but  rather  to 
aosN  laaaor  value,  such  as  -1  or  -2  dB, 
depending  on  tho  aetual  slgnal-to-nolse 
situation. 


127 


-  Lai»-fr>ouiK»  Twi»l  Cormuwi 


la  eameltac  Umm  partleuUr  law  (iraqxMacy  rotattoMt  notaa  aw piaiau,  which  cliaUlcanUjr  o»n> 
tribute  to  the  mkububi  A-wolghiad  flyover  notae  level,  one  ehaultf  be  eware  at  the  oatroM  level 
•mdleau  within  thla  Intorferenee  runetten  ao  apparent  In  ria.  4.11. 


— helISm 

-  iss 


Frtquancy  f 


ri|.  4.21 

Ground  retloctien 
Intorferenee  function 
tor  dlfferont  Micro¬ 
phone  heighte  above 
ground  (Iron  Ret. 40) 


The  eigntCicanee  of  theee  ateep  gredianta  on  the  accuracy  of  a  poaaiblo  aubaaquent  raflaction 
correction  la  twofold: 


o  The  attenuation  of  a  "daatructiva  intarfaranca"  vary  cloae  to  a  rotational  hanaonie  ia  intlu- 
anead  hy  both  the  apaetral  width  of  the  particular  hanaonie  and  the  eharaetarlatiea  of  the 
filter  natworh. 

o  Flyover  noiae  aeaauranionta  employing  mierophonaa  with  nominal  hoighta  of  1.2  m  ahow  tha 
acouatleallv  affaettva  mlerophona  heighta  to  differ  aignificantly.  Even  if  tha  flyovar-angla 
where  ina  maaimum  A-woigntad  level  oecura  had  bean  accurately  daterminad,  aeouatlcally 
affaettva  mlerophona  heighta  batwaon  I.IS  m  and  1.30  m  were  calculated  baaed  on  tha 
daatructiva  refleetion-intarfaranca  troquaneiaa.  Not  in  ovary  caaa  do  tha  intarfaranca  pattarna 
in  narrowband  flyovar-notao  apeetm  ahow  up  aa  clearly  aa  in  Pig.  4.10a.  The  relevant 
interference  pattern  for  a  aubaoquent  reflection  correction  cannot  normally  be  recalculated. 
Even  n  amall  deviation  in  mlcrophono-halght  or  in  flyovar-angla  may  thua  raauit  in  large 
lavol  dlffareneaa  in  the  vicinity  of  the  deatructive  intarfaranca  fraquenciaa  aa  obvioua  from 
Fig.  4,20b. 


4.4  Plight  Notae  Tbetlng  of  Halleeptara 


Of  all  flight  vahlclea,  the  halleoptar  haa  probably  tha  moat  complex  aaroacouatic  aourca  machanlama. 
Both  the  main  rotor  and  tha  tail  rotor  act  aa  individual  noiae  aourcaa,  but  thay  alao  interact  aaro- 
dynamically,  giving  riae  to  additional  aourca  cMchaniama.  To  atudy  thaaa  aourcaa  -  impulalva  type 
aourcea  in  particular  -  in  detail,  aimllar  tachniquea  are  uaed  aa  in  tha  atudy  of  propaller-atrcraft 
notae.  For  nenrflald  in-flight  noiae  atudlaa,  mierophonaa  can  be  attaehad  to  the  helicopter  ao  that 
tha  receiver  paeitiqna  are  wall  defined.  Altemattvaly,  tha  formation-flight  technique  ta  uaad,  where 
tha  adcrephoPe-earrying  aircraft  tllea  parallel  te  and  at  aoma  dtatanca  from  tha  teat  helicopter, 
allowing  farfleld  nolaa  atudiea  under  realiatlc  oondttlona.  Thirdly,  oonventional  flyover  maaauro- 
aanta  are  aondueted.  where  the  aound  radiatad  by  a  helioepter  in  flyover  ia  amaaurod  on  tha 
ground.  The  advantagee  and  dlaadvantagoa  of  thaaa  flight  notaa  amaauramant  tachniquaa  have  bean 
diacueead  prevloualy.  la  the  IbtlowlAg,  a  few  examplea  of  the  flret  two  tachniquea  are  praaanted. 

(An  exeallent  aurvoy  on  tha  atata  of  the  art  of  helicepter  noiae  reeearch  -  Including  flight  taatlng 
-  appeam  in  Ull), 


In  n  iMM  M-ArN]r/Ml>Mnllco^Mr«Tnntrm  rntnnrah  pmtrMi  on  hoHeoptor  rotor  nrr«d>nMleo  nn4 
ntroncottotloa  t4l|,  on  AH>tO  toot  hoHooptor  woo  o^ulppod  olth  oovorol  **noti  eoito  proloolod"  eon> 


■.EVATQR 


rt|,  4.22  Hollcoptor  mountod  owivolUng  mlcrophenoo  for  nonr 
flold  nolto  studios  (BoU-MoUcoptorAostron  Tost) 


doitoor  mtcroptbonoo 
(Hr.  4.1i).  Thoy  ooro 
loeotod  on  o  boom,  on 
tlio  loft  and  right 
wings  and  alt  on  tha 
onda  ot  tho  olovator. 
•tnos  tha  flow  in  tho 
vtoinity  of  a  holieop- 
tor  rotor  ia  highly 
unataady  and  iToqtiont- 
ly  changoa  diroction  a 
awivoling  aupport  was 
usad  tor  tha  micro- 
phonos.  Thay  could 
than  rind  thalr  own 
'minimum  drag  allgn- 
mont*  to  raduea  tha 
aarodynamicaliy  in- 
ducad  microphona  salf- 
noisa. 


Such  mierophonas  inhorantly  maasura  noisa  at  ens  point.  No  survay  to  Invostigata  a  diractivlty 
pattorn  is  posslbla.  Also,  tha  mierophonas  sra  rathar  cloaa  to  tha  source,  cartalnly  in  araas  wsra 
naar-flold  and  tar-flold  conditions  intormingla.  This  makas  intarprotatlon  difficult.  A  typical 
ssaavla  of  data  is  shown  in  Fin.  4.23.  Prassuro  lima  hiatorias  (PTHsl  ara  shown  for  ono  main  rotor 
revolution  under  a  condition  of  blada/vortaa-intaractton  (8V1)  impulsive  noisa  ("blade  slap") 
maasurad  by  tha  right-wing  microphone  and  at  tha  noaa  boom  microphone.  Tha  pronounced  BVI-lm- 
pulaos  are  evident.  Tha  more  sinusoidal  underlying  signal  la  probably  a  naar-fiald  affact  due  to 
tha  passage  of  each  rotor  blade.  An  advantage  of  this  technique  is  tha  relatively  larger  distance 
of  tha  boom  microphone  from  tha  tail  rotor,  thus  minimising  disturbing  effacts  of  tha  tall  rotor  on 
tha  main  rotor  acoustic  signals.  Since  tha  signal,  though  vary  unsteady,  is  not  of  tha  transient 
type,  data  can  be  averaged  to  incraasa  statistical  confidence. 


Fig.  4.13  Maia  («tsr  prasaura  time  history  maaaurad  through  halieoplar  nacelle  mounted  microphones 
(from  Raf.  43) 


129 


4.4.I 


TIm  08  XHfey' liu  -wrar  «My  'yMrt  parftetad  th*  taehntqu*  ofj  halteopur  noiat  in 


thiri  «i(  (Mini  »' aMMtifinc  aircratt  which  fliaa  in  fcnaation  with  the  Uat-halieoptqr  |431't 
ria.  4.84  ahowa  auoh  a  .palt  of  aircraft  ia  flight.  The  maturing  aii^afi..  (a  YO-SA)^  la  a  pi^pall^ 
driven  raoennalaaanca  aeroplane  daalgned  W  very  quiet  o^ratlon:'  It  w4d  edul^pikd  «^ith  oiie  'noaa- 


COM’  HtOi'e^HoM  on  ttt  tatf  (ia.  i.a.  at  (hr  at  poatlble  away^  from  the  notae  praducinf  propeller.  . 


Fig.  '4.24  Fonnatlon  flight  meaauring  technique  for  helicopter  in-flight  noiae  reaeareh  (US-Army) 


Clearly,  the  meaauring  aircraft  can  again  be  petitioned  at  any  "fixed  location"  with  respect  to  the 


teat-helicopter.  In  the  caae  at  hand  the  two  kinda 

aumcattaf'  jm. — 


of  Impulsive  phenomena,  namely  'blade/  vortex- 
interaction  (BVI)  impulaive  noise',  and  'high¬ 
speed  (HS)  impulsive  noise'  ware  to  be  investi¬ 
gated  |44|.  BVI  noise  predominantly  radiates  in 
a  forward,  downward  direction.  HS  noiae  radi¬ 
ates  forward  and  in  the  rotor  plane.  Hence, 
most  test  flights  were  conducted  with  the  YO-3A 
in  front  of  the  helicopter,  either  in  the  plane 
of  the  main  rotor  or  about  30  to  45  degress 
down. 

Station  keeping  is  tricky  and  requires  excellent 
piloting  by  both  pilots.  Good  results  are  ob¬ 
tained  when  optica’  markings  on  the  cockpit 
window  are  visually  aligned  with  certain  struc¬ 
tural  components  of  the  measuring  aircraft.  A 
movia  camera  or  video  camera,  or  even  a  stlll- 


Fig.  4.25  Microphone  on  companion  aero¬ 
plane  aeiiaing  both  main  rotor 
blt|de-/.vortexTbqteractiion  and 
tail-rotor  acoustic  signal 


picture  camera  with  fast  exposure  sequence, 
can  be  used  to  monitor  the  measuring  aircraft 
position  ahead.  All  picture  or  movia  taking 
must  be  .  aynchloitllMd  with  the  acoustic  data 


tio 


4»..  -m.-.  n 


Plfv  4.M 


SuRp^wii^oii  roMr  Mn- 

tHbuttdiWi  by  trtai«r>l«eklnj| 
Mto  MlB  ^ratpr  (tgiiBl 


raewB4«d,w>;lMmrd  Uvi.iiraMur^ 
tng  aircraft  by  maana  of  a 
radiOrUnk,  aa  had  baan  dla«- 
ouaaad  in  Saetlon  3.8.3  of  thia 
AOAROograph.; 

Tha  mlcrophona  on  tba  raaaaur- 
Ing  aircraft  aanaaa  tha  antlra 
’  acovattc:  alinatuta  bf  Aha  hallr 
,  ',*»ai  |i^;,ba^«|«tor  - 

Iti  tall  rotoir  eohtrtbvtlahd  t^d 
alad  any  iidor  liitaraction 
notaa.  A  tyg^ical  aoaiiatic  praa- 
auta  tuna  blltt^  of  a  hall- 
ooptar  la  ahoank  in  Fl^.  4.88. 
Tha  eonqionantB  of  tha  aound 
can  ba  raadlly  Idantiflad. 


ROTOR  Ni^imONt 


Tha  data  raduetlon  tadtnlqua  can  ba  taylorad 
towarda  tha  particular  aoeuatle  phanoatanon  to  ba 
Invaatlgatad  |4St.  For  axaapla.  If  a  aialn-rotor 
ralatad  aignal  la  atudlad  In  tha  praaanea  of  a 
dlaturblng  tail-rotor  algnatura.  ona  can  trigger 
on  a  prenounead  auln-rotor-mlatad  feature  in 
the  PTM  auch  aa  tha  atrangaat  BTl-paak.  Than 
all  non-8VI-ralatad  cantrlbutlnna  am  affactlvaly 
auppmaaad.  aa  ahown  in  Fit.  4.88.  Llkewlac,  by 
locking  onto  an  appropriate  tail-rotor  FTH- 
faatum  It  would  ba  poaaibla  to  affectively 
auppraaa  all  main  rotor  related  acoustic 
phancmana,  if  tall  rotor  acouatioa  is  to  be 
Investigated. 

Since  the  distance  between  the  2  aircraft  and 
their  relative  positions  cannot  be  accurately 
maintained  it  is  unavoidable  that  the  signal 
characteristics  change  slightly  in  the  course  of 
time.  If  the  pilots  are  good  the  average  genera' 
faatums  should  remain  approximately  unchanged. 
Here  again,  as  the  signal  is  not  transient,  it 
will  be  possible  to  average  over  many  rotor 
revolutions  (e.g.  64)  to  smooth  the  rssulting 
signal  and  gain  statistical  confidence.  A  com¬ 
parison  of  time  hlstorlas  shows  tha  raspac- 
tlvsly  highest  and  lowest  peak  amplitudes  during 
ona  main  rotor  revolution,  together  with  a  64- 
tlmas  averaged  PTH.  Fin.  4.27  shows  tha  bene¬ 
ficial  effect  of  that  procadura. 


Fig.  4.87 

Ccaparlson  of  two  unavaragad  and  ona  (dt-times) 
averaged  anund  prassum  time  hlatorias  for  a 
time  span  of  ona  rotor  mvolutlon 
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*•*  m  Item  tutoiM  ut  vm 

Mmt  aaroacoustle  wind  tunnaU  ara  too  Amall  to  taat'  toll  acala  jet  enginea  for  rotea  untter  raaliatic 

low  apaad  InOow  condttlona.  Apart  rron  .|he  need  to  dtapanaa  with  tha  axhauat  g aaaa  from  auch  un 

angina,  which  cannot  ba  introducad  into  the  tunnel  flow  ciicuiti.,  the  dxceaaiva  heat  of  a  reatistto 
Jet  axhauat  ia  difficult  to  disaipata,  laat  a  aubatautial  heating  of  the  tunnel  flow  waa  accepted. 

On.vlha.  other  hand:  thara  ia  a  need,  to  axtrapolata  atatlc  angina  nolaa  data  to  .  flight  noiae  data  as 
hadvibean  awntianad'iin  Section  4,ttS  above  in  order  to  derive,  for  example,  flyover  noiaa  data  or 
nMN,  apeoifieally  tnoiaa  oartifieatioa  data' for  Jet-propallad  aaroplanasv  Again i  model  taste  might  ba 
Iwiieatad  in  aUch  oaeea.  If  the  Intaraet  was  specifically  in  the  Jet  as  such  as  the  noise  generator, 
appropriate  axparlmants  can  be  conducted  in  to-days  aeroacoustic  wind  tunnels. 

One  such  typical  example  will  ba  described  following  |46|.  where  also  a  special  testing  technique 
had  been  introduced.  The  test  concerned  the  evaluation  of  flight  effects  on  jet  noise  sources.  The 
investigation  was  conducted  Jointly  by  the  Boeing  Commercial  Airplane  Co.  and  DLR  in  the  DNW. 
Specifically  the  effect  of  a  surrounding  fairly  low-speed  flow  -  as  in  take  off  or  landing  -  on  the 
"stretching"  and  "downstream  displacement"  of  the  actual  noise  sources  of  a  hot  circular  turbulent 
free-Jei  was  to  be  studied.  In  this  context  it  should  be  recalled  that  the  length  of  the 

aoundrgenarating  volume  of  a  Jet  increases  if  the  Jet  exhausts  into  a  parallel  flow,  Here,  the 

specific  test  objective  was  to  determine  the  difference  between  the  noise  source  distribution  in  Jets 
with  and  without  a  co-flowing  stream,  employing  a  strictly  acoustic  and  non-penetrating  measure¬ 
ment  technique.  This  lead  to  the  use  of  a  highly  directional  microphone  system,  the  "acoustic 
mirror  microphone"  system. 


4.S.1  Test  Bet -up 
(a)  Model  Jet 

The  teat  set-up  in  the  open  test  section  of  the 
ONW  (Fig,  4.28)  consisted  of  a  hydrogen  peroxide 
hot  gas  generator  (developed  by  NLR)  enabling 
the  production  of  a  high  speed  and  hot  (830  K) 


Fig.  4.38  Acoustic  mirror  microphone  for  model  Jet  nolas:  source  localisation  etudlee  in  the  DNW 


]«t  of  9  cm  dlwMtw,  •mMiating'  into  the- turrouMUng  MVltomimni;  in  the  abMncc  of  tunnol  flow 
this  onvlroniMiit  wa*  the  anochoio  toat  hall,  in  eaaa  of  tunnal  flow  thia  envlronmant  waa  the  aur- 
roundtng  Uinml  flow.  Notala  praaaura  ratioa  could  ba  lalaetod  aueh  that  )at  apaada  from  320  to  SOO 
ON^  wara  aitolnaalv 

(b)  Mirror.  Itlcrbmhana 

Tha  axial  diatrtbutlon  of  the  aourcaa  along  the  modal  jat  ware  datarmlned  with  the  highly  directio¬ 
nal  aeaustlc  mirror  microphona  alao  daaorlbad  aliawhara  |47  ,  48,  491.  Tha  particular  mlcrophona- 
ayatam  aa.  daacrlbad  in  Rafa,.  49  and  49  conalata  of  a  1.9  m  diamatar  ooncava  alllptic  mirror,  whara 
ono  laomatlmea  aavaral)  mierophana(a)  ta  (ara)  taountad  in  tha  near  focua  of  the  mirror.  The  mirror 
thua  fbeuaaa  tha  aound  waves  emanating  from  a  volume  alamant  located  in  the  far  focua  upon  the 
image  point  of  tha  aourea  in  front  of  the  mirror  (i.e.  tha  near  focua).  By  traversing  the  mirror 
microphone  as  a  whole  parallel  and  alongside  the  model  jet  axle  one  may  follow  the  distribution  of 
a  source  in  any  sslactad  fraquancy  band. 


4.8.8  Data  Aequiaitton  and  Bhaar  Layer  Effect  Calibration 

Tha  acoustic  mirror  assembly  must  be  positioned  outside  tha  free  tunnel  flow.  In  this  test  set-up, 
tha  mirror  was  6  m  away  from  the  tunnal  flow  centerline  thus  clearing  the  free  flow  shear  layer. 
Sound  from  the  source  to  the  receiving  microphone  passes  through  the  shear  layer,  where  It  is 

refracted  and  scattered.  This  In  itself 
causes  an  apparent  downshift  of  the  sound 
sources  and  also  a  reduction  in  gain  and 
spectral  resolution  depending  on  tha  ratio 
of  the  acoustic  wavelength  and  the  turbu¬ 
lence  scale  of  the  shear  layer. 

In  the  subject  study  it  was  therefore  felt 
necessary  to  calibrate  the  shear  layer  ef¬ 
fects  before  data  could  be  correctly  inter¬ 
preted.  For  this  purpose  a  very  small 
loudspeaker  was  used  as  a  point  source  at 
the  location  where  the  jet  source  was  to  be 
positioned  Isteron.  The  loudspeaker  was 
fed  with  broadband  sound,  filtered  in 
octave  bands  from  1.0  to  31.6  kHx,  thus 
providing  Information  on  the  effect  of  the 
shear  layer  upon  sources  of  such  frequen¬ 
cies.  The  apparent  downstream  shift  of 
sound  source  position  as  function  of  tunnel 
flow  velocity  is  shown  in  Fig.  4.29. 

4.8.8  ttoit  HaaHlto 

When  Uto  modbt  Jet  is  in  ^laratiah  moving  the  mirror  assembly  alongside  and  parallel  produces  a 
"Igtiii'il" ‘disMbttijpa  of  sound  proiMuro  lovel  with  a  very  pronounced  peak  Interpreted  as  the 
"apt^*  .ot  Mund  for  tha  balaotod  fraquancy  band.  In  Fig.  4.30  the  case  of  no  tunnel  flow  is 
atWrot.  rtbre,  ^lii*d»l-  jat  velocity  la  BOO  m/Ot  Jat  temperature  is  830  Kelvin  and  the  octave  band  is  16 
kilif'i  fbo  lavOt  ’i^ak  nppanirg  f »8 ’''iMaalo«di9awters  downstream  of  the  nossle  exit.  Introduction  of 
tunhei  flow  then  shifts  the  sources  downstream,  as  shown  in  Fig.  4.31.  Here  the  conditions  of  sero- 
and  of  80-m/s-tunnsl  flow  speed  are  compared  for  a  model  jet  velocity  of  460  m/s.  Clearly,  a  sub- 
stentlil  downstream  shift  of  the  sources  occurs. 


Fig,  4.39  Downstraem  shift  of  loudspeaker- 
generated  tone  eoures  location  in 
a  hot  model  jet  (from  Ref.  49) 
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f:ig.  4.30 


J«t  nolM  Mui^* 
location  »t  16  kHi 
for  6  cm  dinm.  hot 
iot  of  890  ih/t  tpeod 
(from  Rof.  46) 


Fig.  4.31 

Downstream  shift  of 
jet  noise  sources 
(from  Ref.  46) 


Such  espertmantal  findings  are  important  in  attempting  to  predict  flyover  Jet  noise  from  static  data. 
The  experliMm.t  dtpldnstrates  clearly  that  location  and  identification  of  sources  of  sound  in  a  Jet  is 
very  much  a^feeted' bjt  the  flow  properties. 

Still,  dedicated  and'  controlled  model  Jet  noise  teste  in  acoustic  wind  tunnels  can  significantly 
further  the  dnderetandlQg  of  aircraft  Jot  engine  noise  eharaetarlstics  in  flight. 


4.«  Propeller  Wo*—  ■iwett—  tp  wiad  — f- 

Although  fll^t  testing  provides  the  moat  realistic  environment  for  noiaertesta  of  a  propeller  ,  it  la 
difficult  to  iaolate  the  propeller  contribution,  as  had  been  emphasised  before.  In  basic  ptopellor 
noise  research  it  is  often  advantageous  to  first  study  the  Isolatad  and  uninstalled  propeller  before 
dsaling  with  the  effects  of  integration  and  insullatlon.  Par  such  studies,  wind  tunnel  teats  are 
ideal  where  a  propeller  can  be  operated  without  an  “attached  aircraft". 


TIm  WIimI  TiiiiimI  (OMW)  wu  uMd  ia  a  )«lnt  nui/l'AA  raMar^  prajaot  on  tha  notaa  at 

lttUH|c^,  piapatlart  |W|.  Tha  teat  pngnaa  waa  tntUatad  ta  olartfy  eartata 

^iiairtoia  tpr  Utei  itealcpaiaat  at  tha  naw  AMNtX  la/Okiptar  10  aataa  earUfloatioa  praeadura.  It  daalt 
af  4^  taavaratura  (*  halicat  Mada  lip  Mach-ainabar)  aad  of  tha  attituda  of  tha 
prapallaiK  rateftaiiaf  plaaa  (inflow  ai^te  of  attaeii)  an  aataa.  Thia  aagta  ehaagaa  during  cltiab  and 
daaeant.  Saaad  an  tha  laaalto.  proea^na  wara-daaalepad  te  earroet  nataa  lavala  fran  taat  tampa~ 
ratura  tc  rateranoa  tamparatura,  and  far  abliqua  inflow  into  tho  prapallor  plana  of  rotation.  Data 
aequlaition  and  analyaia  of  thia  toot  ara  daacrlbod  In  tho  following. 


4.0.1  laparhaantel  lat  an 
(a)  Toot  Stand  Snoelflea 


In  tho  uxporiMntal  oot-up,  tha  (full-acala  I)  2  ■  dtaaMtar  2-blada  propollara  wara  drivan  by  a 
260  kW  alactrlc  nmtor  in  an  aarodynanieally  ahapad  houaing,  aupportad  on  a  pylon  atnictura 
(Hg.  4.22).  Approxlaiataly  half-way  batwaan  tha  6x8  n*  noaala  and  tho  0. 8x0.8  m*  colloctor  (aopa- 
ratod  by  appraximataly  20  m)  tho  prepollor  could  radiate  aound  into  tha  anachoically  troatad  teat 
hall  white  atill  boing  complataly  aurroundad  by  tha  ctean  tunnal-cora-flow.  Tho  pylon  could  ba 
turned  such  that  tho  propallar  rotational  plana  aaauawd  anglaa  of  +/-  IS*  with  raapoct  to  tha 
onooming  flow.  Ambient  tamparatura  could  ba  varlod  by  atarting  tha  teat  aariaa  (in  winter)  at  low 
ambtent  temporaturaa  (about  8  *C),  and  than  tettlng  the  tunnal  heat  itaalf  up  to  flow-tamparaturea 
aretted'SS’^v ' 


rtg.  4.82  PropalUii*  naiaO'  taot  dat-up  in  thV'  Garttan  Duteh  Kind  TtiHHdl 
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Fig.  4.33  Front  viow  of  inflow  nlerophona 
•rrangonont  In  tho  DNW 


TIME 


Fig.  4.84  Bang-toot  roaulta  for  inflow  mlorophona 
rafloetion  chock  aftar  asploding  charge 


Tha  apaclal  arrangaoMnt  of  tha  inflow 
■lerophonaa  ahoqld  ba  noted 
(Fla.  4.83).  Wa  Mlcrcphanaa  ware 
poaitlonad  to  ona  aide  of  tha  pro- 
pallar  within  tha  tuhnal-oera-flow. 
They  ware  placad  along  a  hallcal 
lino  in  tha  downatraam  diractlon,  so 
that  tha  aerodynamic  wake  of  an  up- 
atraam  mlcraphona  could  not  impinge 
on  a  aubaaquant  mlerophona. 

Whan  conducting  aaroacouitlc  wind 
tunnel  teiti  on  a  pylon-mounted  noise 
gansrator,  it  is  important  to  check 
posslbI!^  adverse  reflections  of  the 
support  sui-iaca  structure.  Bang  tests 
are  executed  by  mounting  small  ex¬ 
plosive  charges  at  tha  likely  loca¬ 
tions  of  acoustic  sources.  In  the  case 
of  a  propeller  these  are  tha  blade 
tips.  When  tha  charges  explode  the 
microphones  receive  a  direct  signal 
and  one,  or  several,  reflected  by 
nearby  surfaces.  Fig.  4.34  shows  a 
typical  bang-test  result.  On  account 
of  the  time  span  between  the  explo¬ 
sion  and  the  arrival  of  the  reflected 
signal  the  location  of  any  critical 
surface  can  be  identified.  Such  sur¬ 
faces  must  then  be  treated  anechol- 
eally. 

(b)  Data  Reduction  Technique 

In  reducing  the  data,  averaging  is 
of  paramount  Importance,  as  shown  in 
Ftt-  *  .36.  The  unaveraged  pressure 
time  history  (PTH)  of  the  propeller 
signal ,  as  measured  at  one  of  the 
side-line  microphones,  clearly  shows 
the  passage  of  substantially  different 
sequential  wave-forms  caused  by  the 
blades.  Soow  50  of  these  instantane¬ 
ous  PTHs  wore  individually  analysed 
in  narrow  bands  and  the  spectra 
subsequently  averaged.  The  final 
spectrum  -  shown  in  Fig.  4.38a  - 
exhlb'ts  a  rathsr  high  noise  floor. 


By  averaging,  howsvar,  tha  PTHs  first  one  obtains  a  much  saraother  PTH.  Now,  tho  subaaqusnt 
narrow-band  analysis  shews  a  significantly  reduced  noise  floor  (Fla.  4.38b).  In  this  spectrum  many 
Bwre  harmonics  can  be  seen.  Since  the  problem  was  studied  in  tha  context  of  noise  certification 
pertaining  to  overall  A-waighted  noise  levels,  it  was  important  to  have  a  suftleient  number  of  har- 
awnioa  in  tha  frequency  range  around  1000  Hs  available  to  determine  an  oyarall  A-welghted  noise 
level.  Hsnoe  tha  seeond  analysls-prooedure  is  to  be  preferrad. 


«L|(-  15  LOGdO-CpI 


Ftg.  4.36  Cg«p«rlaon  of  untvoragtd  and  avaraged  propoUar  notaa  ttme  hiatorlaa  with  ensuing 
narrowband  spectra 


Fig.  4.86  A-Welghtad  overall  rotational  nolae  levels  vs. 

halloal  bUde  tip  Mach  nunber  aa  measured  in 
the  plana  of  rotation  and  referenced  to  a 
Mfurce/recelver- distance  of  one  propeltar 
diameter  (from  Ref.  81) 


4.6.3  gaperlmental  Meeulta  - 
Temperature  Effect 

The  tests  showed  that  the  overall 
A-weighted  noise  levels  in  the  plane 
of  rotation  was,  to  a  good  approxi¬ 
mation,  proportional  to  the  l.Sth 
power  of  the  engine  power.  Another  - 
more  influential  -  parameter  is  the 
helical  blade  tip  Mach  number,  no 
matter  how  the  three  basic  factors 
'flow  speed',  'rotational  speed',  and 
'temperature'  are  combined.  Fig.  4.36 
shows  that  alt  data  points  from  the 
above  teste  could  be  normalised  on 
that  basis  |51|,  Different  temperatures 
were  entirely  accounted  for  by  the 
helical  blade  tip  Mach-number.  It 
should  be  recalled,  however,  that  for 
correction  purposes,  it  is  tho  helical 
Mach-number  slopes  (rather  than  the 
absolute  levels)  that  are  Important. 

The  teets  Indicated  that  under  the 
operational  conditions  of  noise  oertl- 
rioatlon.  a  change  In  temperature  will 
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preduM  th*  mm  u  •  ehang*  In  flttht  and/or  prapallar  rotational  tpood.  It  can  thua  ba 

ooneludod  that  tha  tn-tha-fiald  datarmlnatlon  of  tha  "Mach-iwhar"-dapandowea  (aaa  Pig.  3.49)  la  a 
foaalMo  antroodht  It  a  battar  "tamparatura-corraction"  laathodology  than  any  "conatant  Mach 

nunbar.  ratio  to  «om  powar'l-approaeh  would  offar,  provided  that  tha  acouatlc  algnal  waa  entirely 
oauaad  'by  tho  ’pripitHdr  a*  au^.  Any  angina  contribution  over  and  above  tha  actual  propallar  nolaa 
vrauld  nacaiMrlly  Invaltdata  auch  a  relatlonihlp. 


4.t.3  iMirtaMHa.'  -| — Prooallar  PoUUoa-olaaa  AtUtuda  lllOct 

Acouatlc  data  ware  alao  taken  for  different  rotational  plana  attitude  anglaa  within  a  range  of 
*/-7,S  dog.  Other  paraMtara  varied  ware  blade  pitch  angle,  wlnd-apead  and  propeller  rotational 

apead. 


Comparing  nolaa  lavela,  aa  Maaured  at  different  propeller  plane  attitude  anglaa  with  thoaa  for  a 
more  attitude  (referenced  to  a  fixed  obaerver  poaitlon  and  accounting  for  tha  angular  radiation 
directivity)  ahowa  them  to  increaaa  for  poaitiva  valuea,  and  to  dacroaaa  for  negative  valuaa,  of  tha 
attitude  angle. 


Fig.  4.37  Effect  of  inflow  angle  of  attack  Into  a  propallar  plana  (from  Ref.  58) 


For  a  (Ivan  mlerophona  poaitlon,  the  predominant  "nolaa  aourca"  la  tha  propallar-blada  advanclna 
towarda  that  microphone.  It  baccaMa  obvloua  now  that  poaitiva  attitude  anglaa  raault  in  an  In¬ 
creaaa,  negative  attitude  angles  in  a  dacreaaa  of  the  effective  blade  pitch  angle,  ae  well  as  In 
helical  blade-tip  Mach-numbar.  Referenced  to  the  lero-attltuda  situation,  the  ensuing  deviations  In 
local  blade  angle-of-attack  and  Mach-numbar  can  be  expressed  aa  function  of  attitude  angle  and 
advance  ratio  for  tha  particular  Instant  in  time  when  the  propeller  blade  axle  la  orientated  perpen¬ 
dicular  to  a  connecting  line  between  tha  propeller  hub  and  tha  microphone.  Fl^  4.37  llluetraUe  the 
gaometrlaa  of  the  problem. 

Itelae  lawola  aa  measured  at  different  attitude  angles  can  now  rMdlly  ba  platted  versus  a  "oorrectad 
Mach-numbar')  (Ftast  4.M).  All  data  points  aow  fit  one  ourva  very  wall  iRS). 


IM 


r>«.  4.31 

NenMltatd  A-w«lglit«d  overall 
rototlenol  nolM  lovolo  ve. 
holieol  blodo  Up  Modi  noMbor 
for  dtfforont  prepollor  piano 
atUtudo  anclas 


4.7  bator  Haloo  TooUnn  In  Wind  Tunnolo 


Similar  consldaratlona  a«  thoaa  In  the  previous  section  on  wind  tunnel  noise  testing  of  aircraft  pro- 
pallers  apply  to  the  testing  of  helicopter  rotors  in  aeroacoustic  wind  tunnels.  The  flow  field  around 
a  helloeptar  rotor  la,  however,  much  more  complex  due  to  the  highly  asymmetric  Inflow  conditions  of 
a  rotor  blade.  This  applies  to  both  the  main  and  the  tail  rotor. 

As  stated  earlier,  for  aeroacoustic  testing  an  open  wind  tunr.el  should  be  used  and  it  should  be 
verified  that  reflection  of  sound  from  any  nearby  surfaces  Is  not  significant,  since  situations  may 
arise  In  which  the  reflected  sound  could  predominate  over  the  dlrec.  sound.  Because  of  the  highly 
unsymmetrlcal  acoustic  field  around  a  helicopter  rotor  it  is  generally  advantageous  to  employ  many 
more  microphones  than  would  be  required  in  a  typical  propeller  noise  test.  Preferably,  one  or  more 
continuously  movable  microphone  array(s)  should  be  employed. 

Testing  in  an  aeroacoustic  tunnel  allows  the  study  of  an  isolated  main  rotor,  of  an  isolated  tail 
rotor,  or  a  combination  of  these  two  to  represent  a  realistic  main'/tail-rotor  assembly.  Isolated 
main  rotor  tests  can  be  justified  because  main  rotor  inflow  is  essentially  unaffected  by  the  presence 
of  a  tall  rotor  (at  least  in  forward  flight).  This  is  not  the  case  for  the  tall  rotor.  A  tail  rotor  in 
the  majority  of  cases  operates  in  the  aerodynamic  wake  of  the  main  rotor;  hence  the  study  of  iso¬ 
lated  tall  rotors  would  only  be  justified  for  hover  conditions  or,  perhaps,  for  ascending  (climbing) 
flight,  where  the  main  rotor  wake  Is  swept  back  soma  distance  under  the  tail  rotor.  Specific  prob¬ 
lems  thus  require  specific  experimental  arrangements. 

(An  excellent  survey  on  the  state  of  the  art  of  helicopter  noise  research  -  including  aapects  of 
wind  tunnel  testing  -  appears  in  |41|,  as  mentioned  before). 


leeleted  Main  Botor  iiniae  Taeu 

In  a  joint  US-Army/DUt  main  rotor  noise  study  in  the  German  Duich  Wlndtunnel  1 53,  S4|,  the  impul¬ 
sive  noise  phenomena  of  an  isolated  1/7-scale  model  of  a  main  rotor  were  investigated.  These  tests 
served  two  purposes!  first,  the  basic  source  mechanisms  ware  studied  and,  second,  the  scaling  of 
wtiid  tunnel model  tests  over  the  relatively  large  range  of  a  factor  of  T  to  full-scale  was  checked. 
In  faot,  the  flight  tests  described  Ih  Section  4.4  above  provided  tho  basis  ter  coMparlaoii^ 


Fig.  4.40  CaapariMn  of  upatrou  InpUao  praoouro-tti 
hlotei^o  for  one  bl«do-posa«|o  tram  wind 
tunMl  Mdol  uota  and  Kilt-aoalo  nialit  to* 
(froilB  Raf.  54  and  S8). 
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la  tha  taat  aat-up  (ahown  In 
i!tn.  4.50).  a  vary  atabla  aupport 
alnictura  waa  uaad  and  tha  rotor  waa 
furlhar  auppwtod  by  a  tubular  pylon, 
■ntaaaiaa  baag  taata  and  aubao^uant 
aoroHng  of  all  ortttoal  aurfacaa  with 
amnd  abaarbtiva  aatortal  aaaurad 
WlnlauMi  raflaetlona  fra«  thaaa  aur- 
taoaa.  Rlnea  only  Ippulatva  nolaa 
RbanuaMna  (high  apaad  Uapulalva  nolaa 
fad  blada/aartoa-intaraatlon  laipulalva 
■afto  aourea  eharactorlatlea)  wara 
atudtad,  tha  praaanca  of  tte  aupport 
Mruetura  dtroctly  undar  tha  rotor  waa 
not  tao  datrfantal}  aoouatle  radiation 
of  laipulalva  nolaa  oceura  aaaantlally 
In  a  forward  (upatroam)  dlmctlon. 
Thma  of  tha  laoaaurlng  mlcrophonea 
wara  aiountad  allghtly  balow  tha  rotor 
plana  (to  avoid  waka  Implngamant) 
and  5  additional  onaa  In  a  forward- 
downward  loeatlona.  Tha  taat  raaulti 
of  thia  axparliaont  hava  baan  wldaly 
publlahad  la.g.  55,  55,  S7|. 

In  tha  contaxt  of  thla  AGARDograph  It 
la  of  Intaraat  to  dlacuaa  aeouatle 
aeallng.  It  waa  found  that  -  If  tha 
Naoh-maabar  of  tha  advanelag  blada 
waa  Mantleal  ta  tha  awdal  and  tha 
foll-aeala  taat  than  fttll-apala  and 
«adal-aeala  praaaura  tlian  htatoriaa  for 
Jll«it-«»aad  iMBulalwa  nolaa  cMidl- 
tien  ahbwad  awdlaiit  Tgrrmnl  both 
In  tetaia  of  wava  -taMa  and  aaiplttuda 
(rUt.  4.40). 


fcaling  workod  lean  wall  for  tha  eaaa 
of  Mada/wtan-lntoractiow  iwpalaiva 
"o*—  (Wg.  4.41).  lhaaa  phaneaiana 
ara  undarataadibly  nueh  mto  aaaal- 
to  gaoaiatrloal  and  oparatlonal 
Hirr  enooa  batwaan  full  aeala  and 
modal.  Tha  anaet  paaaaga  of  a  Vortox- 
toatl  with  raapaot  to  a  rotating  Mada 


la  algnlfieant  tor  tha  ooeuiranoa  nto 
tha  atibagllt^  of  an  (apulalto  paak. 
^  RaymWa  nwabar  In  partleular  any 
iinwa  a  dgaialoa  oftoet  aa  tha  laeatton 
of  auch  vortax-tralla.  Alao,  BVI-noiaa 
to  not  only  a  fttnatton  of  too  adwaae- 
tog  blada  Up  Maoh  ntaahor,  but  alao 
of  too  laeltnatlon  of  tha  tip-path 
plana  with  raapaot  to  tha  onooning 
flaw  (1.0.  too  rata  of  daaoant  or 


Fl(.  4.41  BVl-l«puUiv«  nolM  prtMur*  wavafora  tfK  Meiial  pad  (UU-mpU  Pt  (p)  low 

pad  (b)  htgb  pdvpnoa  rpttos  ,  * 


To  ovoreooM  suoh  topUng  probtanp  largor  modola  eaa  bo  wpplpyod  ludt  at  tha  ona  ahewn  In 

SitL.  4.43.  rapraaantlng  a  4(llt-peplad  awdal  of  a  BO  lOS  halleoptar  rotor  la  tha  DNW  opan  teat  sec- 

ttoa.  This  taat  progroM  was  a  Joiat  vaatura  of  NASA  pad  DLR  |M.  S9|.  Though  nodal  aiaa  doas  help 

raduoa  acaUng  prafilana.  tha  laharaat  dlaadvaataga  of  targa-aUa  modals  la  that  tha  acouatlc  near 

field  axtanda  further,  out. 


V 

\ 


:  righ  4.41  a.  49H-jpedal  pepla  hatieoptor  'liain  rotor  iaat  M-ups  in  tlip 


flg«  4. 


M  in  frrrivw  nyurt  ■qwtppnd  wttk  ea«n*U^  ***1 


1h««  th*  iHMWlac  .artBWiihowii  miM  b*  twitm  nway  Am  Uw  rndtl  it  r«rfl«ld  MawirMMnt*  nr* 

r«nuira4^  Cvw  In  ttito.  la^  tannal,  Um  0N¥,  «MNrt«MU  ouUlda  tha  flaw  poUmUal  oer*  would 
thw  an  itat  mm  aeoMHa  atgnala  wilt  hava  to  paaa  Uimcb  Um  Araa  ahawr  layor.  Th* 

aat-up  ahawn  in  fig.  4.4>  haa,  howavar,  a  dUttnel  advantaga  ovar  that  of  rig.  4.39:  tha  vary 
rotor  ia  now  aupportad  by  laaana  of  a  tatl-attag  allowtag  onttraly  undiaturbad  aMaauramanta  diractly 
undar  tha  rotor,  an  araa  whtdi  ta  of  priaM  Intaroat  In  atmulatlng  a  tlyovar  altuatlon.  Also  a  micro- 
phona-oarrylng  "wlng-atruetura"  that  could  ba  anvad  In  a  eontinuoua  nannar  undar  tha  rotor  allow- 
ad  data  to  ba  aenairod  ovar  a  vary  larga  araa  undar  tha  rotor. 


A  particularly  Intoraatlng  raault  froai  thia  taat  la  ahown  in  rta.  4.a3.  whara  tha  sound  fluid  undar 
tha  rotor  la  prsaantad  In  torau  of  contours  of  aqual  paak-to-paak  BVl-tiM  history  maxima  |60|. 
Changing  tha  rotor  Up  path  plana  and  tha  rotor  advancs  ratio  shows  tha  raspactlvo  BVl-msxImum  to 
asaunM  dlffaront  locations  and  atranghtn,  dapandlng  on  tha  particular  combination  of  tip  path  plana 
and  advanea  raUo,  for  otharwias  unchai  god  paramatars. 


4.T.I  Tr"  (Tull  rr~T  «***^**»  »■*» 

Tha  taat  ast-up  ahown  In  Fig.  4.43  was  oomplamantad  (within  a  DLR  rasaarch  program)  by  adding  a 
tall  rotor  of  tha  aamo  seals.  Both  rotors  ara  drivan  Indspondantly  and  tha  position  of  tha  tall  rotor 
with  rasp  act  to  tha  main  rotor  can  ba  varlod  3-dlamnslonally.  Tha  antlrs  sat-up  as  attachod  to  tha 
tall-stittg  oould  also  ba  Inclinad  with  raapact  to  tha  swan  flow  dlractlon.  Thus,  climbing,  laval, 
and  dssosnding  flight  can  also  ba  slmulatad. 
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In  annlyilng  data  it  ta  possible  to  empha¬ 
sise  the  acoustic  signal  of  either  the  main 
rotor  or  of  the  tail  rotor  individually.  Thus 
ons  can  study  the  noise  of  each  rotor  by  it¬ 
self  although  the  other  rotor  is  operational. 
For  example,  with  both  rotors  turning,  the 
individual  contribution  to  the  total  acoustic 
signal  of  the  tall  rotor  (operating  in  the 
aerodynamic  wake  of  the  main  rotor)  may  be 
"extracted". 

Fig.  4.45  shows  an  example  of  this  tech¬ 
nique.  The  signature  of  the  main  rotor  is 
largely  suppressed  by  triggering  the  pres¬ 
sure  time  histories  on  some  appropriate 
distinct  tail-rotor-related  time  history  fea¬ 
ture  (such  as  a  pronounced  peak).  In  this 
particular  test  set-up,  however,  the  main 
and  tall  rotors  were  not  mechanically  con¬ 
nected  'as  is  the  case  on  a  real  helicop¬ 
ter).  There  was,  therefore,  no  need  to  use 
the  pressure  time  history  for  triggering. 
Rather  could  the  tail  rotor  RPM  be  used 
directly  for  triggering. 


ONE  MAIN  ROTOR  REVOLUTION 


Fig.  4.44 


In  contrast,  the  small  variations  in  the 
distance  between  the  test  and  the  measuring 
aircraft  and  minor  variations  in  rotational 
speeds  in  the  analysis  of  actual  flight  test 
data,  as  described  in  Section  4.4,  required 

a  distinct  acoustic  signal-feature  of  the  main  rotor  for  triggering  to  extract  the  main  rotor 
preseure  time  history  from  the  "tail  rotor  contaminated"  total  signal. 


Ar  .dStlc  pressure  time  histories 
under  maln-rotor/tall-rotor 


1 


^  AVERAGED  TIME  HISTORY  TR _ 

^  tall  rotor  contribution  only 

•I.  - 


Fig.  4.45  Extraction  at  tail-rotor  noise  contribution  only 
from  a  main-rotor/tall-retor  modal  exporiment 


The  helicopter,  which  has  been 
chosen  as  concluding  example, 
illustrates  well  the  fact  that, 
even  when  there  are  obvious 
mechanical  noise  sources  (e.g. 
vibration  of  blades,  engine, 
gearbox),  flow  interaction  can 
be  a  dominant  sound  generation 
mechanism  for  certain  frequen¬ 
cies  and  directions.  The  aspects 
more  difficult  to  study  are  the 
sound  emitted  by  vortices  as 
such  as  shed  by  blades,  due  to 
their  flapping  motion,  bearing 
in  mind  that  forward  velocity 
also  varies  during  a  rotor  re¬ 
volution.  The  problem  becomes 
more  complicated  still  for  the 
tall  rotor, .  whan  it  is  in  the 
wako  of  the  main  rotor,  since 
'chopping'  of  vorticity  is 
another  noise  source. 
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B.  COMCLUDIMO  BBIIAMM 


Aircraft  noise  certification  has  been  practiced  for  well  over  one  decade,  encouraging  the  develop¬ 
ment  of  quieter  aircraft  and  of  noise  abating  flight  operations.  Much  effort  by  the  ICAO-Committee 
on  Aviation  Environmental  Protection  is  currently  put  into  "streemlining"  the  noise  certification 
procedures.  Simplification  might  ultimately  be  reflected  in  a  new  version  of  the  ANNEX-16  document 
which  would  then  be  more  readily  understandlble,  still  technically  sound  and  would  largely  avoid 
any  redundancy  (being  quite  common  in  the  present  issue). 

In  the  spirit  of  "streamlining”  It  would  be  desirable,  for  example,  to  develop  a  general  noise  cer¬ 
tification  procedure  for  all  propeller-driven  aeroplanes,  encompassing  essentially  all  types  from  the 
heavy  commuter  and  transport-category  aeroplane,  to  the  smaller  business-  and  recreational  propel¬ 
ler-plane  down  to  the  powered  glider  and  the  ultralight-aeroplane.  Within  such  a  basic  scheme  cer¬ 
tification  complexity  would  decrease  as  the  weight  (cost)  of  an  aircraft  goes  down.  Hence  heavy 
aeroplanes  could  be  certificated  with  procedures  'take-off,  'level-overflight'  (representing  some 
sort  of  an  "on-route  noise"  check)  and  'approach'  employing  a  fairly  elaborate  measurement  chain 
and  the  "complicated"  noise  metric  EPNL.  Medium  weight  aeroplanes  could  be  certificated  through  a 
'take-off  and  a  'level-overflight'  procedure  with  the  SEL  as  the  noise  metric  measured  through 
only  one  microphone,  while  light  and  ultralight  aeroplanes  would  simply  have  to  conduct  a  level 
overflight  above  one  microphone  with  the  as  the  pertinent  noise  metric.  Likewise,  it  should  be 
possible  to  define  a  common  noise-certification  procedure  for  both  subsonic  and  supersonic  jet-air¬ 
craft.  although  noise-certificating  the  operational  condition  of  supersonic  cruise  flight  would 
probably  be  a  difficult  problem.  By  similar  reasoninr  one  could  propose  one  basic  noise  certifica¬ 
tion  scheme  for  helicopters  that  would  pertain  to  both  light  and  heavy  ones.  For  the  heavy  helicop¬ 
ter  one  could  adhere  to  the  established  procedure  along  the  ANNEX  Chapter  8,  while  for  the  light 
one  a  level  overflight  only,  or  a  combination  of  a  level  overflight  and  approach  test  could  be  spe¬ 
cified  with  the  SEL  obtained  through  one  microphone  only  as  the  pertinent  noise  metric,  thus  con¬ 
siderably  cutting  cost. 

It  also  seems  important  to  consolidate  the  measuring-microphone  height  above  ground  within  aircraft 
noise  certification  procedures.  After  all,  the  1.2-meter  height  has  been  demonstrated  to  yield  rather 
devastating  results  for  propeller-driven  aeroplanes  for  all  noise  evaluation  metrics  L^^,  SEL  and 
EPNL.  Ground  reflection  effects  may  not  be  quite  as  critical  for  more  broadband-type  sounds  as 
emitted  by  Jet-aircraft.  Still,  for  physical  reasons  the  ground-proximity  microphone  would  certainly 
offer  less  questionable  data  under  most  all  testing  circumstances.  Employing  ground-proximity 
microphones  for  all  noise  certification  might  be  good  practice. 

The  current  multitude  in  the  ANNEX-16  Appendices,  one  for  each  type  of  aircraft  with  very  redun¬ 
dant  information  could  certainly  also  be  compressed  into  one  Appendix  only,  providing  all  the  ne¬ 
cessary  information  for  all  types  of  aircraft  and  procedures  in  a  non-redundant  form. 

What  should  be  ultimately  developed  might  be  termed  a  "Grand  Unified  Noise  Certification  Scheme" 
for  All  aircraft,  where  all  redundancy  is  strictly  eliminated,  and  where  the  respective  complexltiy 
of  any  noise  certification  procedure  would  be  in  concert  with  the  basic  cost  of  the  aircraft  concern¬ 
ed.  The  ICAO-Commlttee  on  Aviation  Environmental  Protection  through  its  Working  Groups  and  Tech¬ 
nical  Issues  Subgroups  is  actively  pursuing  various  avenues  towards  better  aircraft  noise  certifica¬ 
tion  Standards.  Noise  certification  is  a  living  process  and  as  technical  development  proceeds  in 
terms  of  both  building  better  aircraft  and  more  sophisticated  instrumentation  new  aspects  enter  the 
philosophy  and  practice  of  noise  certificating  aircraft  which  need  to  be  accounted  for. 

The  developMent  of  a  noise  certification  procedure  for  all  aircraft  with  which  everybody  would  be 
happy  will  probably  never  be  realised.  If  as  a  consequence  of  noise  certification  there  is  success 
in  develO|ilng  technically  and'  operationally  significantly  quieter  aeroplanes  -  then  every  small  step 
is'  worth  the  effort,  such  that,  hopefully,  at  some  future  day  aircraft  noise  would  be  no  nuisance. 
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APPENDIX  A:  CALCULATION  OP  THE  •EPPECTIVE  PERCEIVED  NOISE  LEVEL* 

The  flyover  noise  signsture  of  an  aircraft  varies  with  time,  both  in  intensity  and  spectral  content. 
To  account  for  the  human  subjective  response  to  such  a  noise  event,  an  appropriate  single-number 
descriptor,  the  'Effective  Perceived  Noise  Level  (EPNL)',  has  been  developed. 

To  determine  the  EPNL  of  a  flyover  noise  event,  the  data  are  processed  to  yield  a  succession  of  1/3 
octave  band  (1/3-o.b.)  spectra  in  0,6-second-increments  during  the  time  period  rf  entire  flyover 
(Flow  Chart,  Fla.  A-1).  The  important  acouatic  information  to  be  processed  is  contained  in  a  time 
span  of  20  to  SO  s  during  which  the  aircraft  noise  exceeds  the  ambient  noise  by  at  least  10  dB. 
Accordingly,  40  to  100  individual  1/3-o.b. -spectra  are  to  be  obtained.  It  should  be  kept  in  mind 
that  within  one  half  second  an  aircraft  flies  a  distance  of  several  tens  of  meters,  substantially 
changing  the  characteristics  of  the  noise  signature  as  received  on  the  ground. 


A.l  Perceived  Noise  Level 


Each  1/3-ai.b.  spectrum  consists  of  24  individual  1/3-octavA-bands.  Hera  band  1  has  a  center  fre¬ 
quency  of  SO  Hz,  band  2  of  63  Hz,  band  3  of  SO  Hz  etc.  up  to  band  24  with  a  center  frequency  of 
10,000  Hz)*.  Each  of  these  band-levels  is  weighted  by  'Contours  of  Perceived  Noisiness',  accounting 
for  the  pronounced  sensitivity  in  the  frequency  range  from  2000  to  5000  Hz,  and  the  lesser  -  albeit 
absolute  level-dependent  -  sensitivity  at  lower  and  higher  frequencies  within  the  audible  range. 
Fig.  A-2  shows  the  'Perceived  Noisiness  Contours'  of  which  each  is  designated  with  a  noy-number. 

These  contours  are  then  overlaid  Individually  upon  each  of  the  (20  to  60)  1/3-o.b. -spectra  to  obtain 
24  weighted  band-levels,  now  termed  'Noy-values' .  These  Noy-values  are  called  'Perceived  Noisi¬ 
ness '-values,  or  PN-values  for  short.  Finally,  all  PN-values  are  added  up,  however  still  with  some 
further  'weighting'  such  that  the  highest  PN-value  (not  necessarily  the  highest  band-level  I )  coUnts 
86%  and  the  sum  of  all  others,  Including  the  highest,  counts  only  15%,  i,e. 

24 

(Al)  N(k)  «  0.88  n(k)  +  0.16 

1=1 

where  N(k)  is  the  'Total  Perceived  Noisiness',  n(k)  is  the  largest  of  the  24  PN-values  of  n(l,k). 
Here  i  is  the  band-number  (1,2,3,  ...  24)  within  the  spectrum  and  k  denotes  the  particular  spec¬ 
trum  of  the  flyover. 

The  'Total  Perceived  Noisiness'  is  then  converted  back  into  a  'Perceived  Noise  Level,  PNL'  hy 
(A2)  PNL(k)  •  40  +  33.2  log  N(k) 

Having  thus  obtained  one,  and  one  only,  PNL-value  for  each  spectrum,  one  may  now  already  go 
ahead  and  plot  a  flyover-history  of  PNL  vs  time,  unless  the  original  spectra  contained  pronounced 
discrete-frequency,  tonal  components.  In  this  case  each  spectrum  must  first  be  corrected  for 
'spectral  irregularities'  to  obtain  the  'tone  corrected  Perceived  Noise  Level,  PNLT',  by  means  of  a 
tone  correction. 


The  agreed  upon  sequence  of  1/3-oetave  band  center  frequencies  is:  ...  100  Hs,  126  Hz,  160  Hz, 
200  Hz,  280  Hz,  318  Hz,  400  Hz,  600  Hs,  630  Hz,  800  Hz,  1000  Hz,  1280  . .  etc 
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A.S  T<w  Coffctlon 

Ton*  correction  i*  *  rather  elaborate  proceia  and  ahall  be  explained  using  the  Flow  Chart  shown  in 
Ftfc.  *-3-  First,  a  listing  is  made,  individually  (or  each  spectrum,  of  the  sound-pressure  levels 

in  each  successive  band,  with  the  exception  of  the  two  lowest  bands,  SO  Hs  and  63  Ht  (Column  A). 
The  listing  thus  starts  with  band  3  (l.e.  60  Hs). 

Let  UB  consider  the  first  six  bands  3  to  8,  corresponding  to  frequencies  80,  100,  12S,  160  ,  200  and 
2B0  Hs.  The  difference  in  sound  pressure  level  from  one  band  to  the  next  (positive  or  negative)  is 
listed  in  Column  B.  These  differences  are  termed  ’slopes'.  Column  C  then  lists  the  absolute  changes 
in  slopes.  Now,  if  any  value  in  Column  C  is  greater  than  5,  then  back  in  Column  B  the  value  one 
half  notch  down  will  be  encircled,  i.e.  in  the  example  the  values  -7  and  since  both  8  and  11 
are  larger  than  8  in  Column  C. 

Next,  one  of  two  criteria  are  applied: 

(1) '  if  in  Column  B  the  encircled  value  is  positive  and  greater  than  the  value  directly  above  it, 

then  in  Column  A  the  value  one  half  notch  down  will  be  encircled;  in  our  example  -t-t  is  both 
positive  and  greater  than  -7,  therefore  80  is  encircled. 

(2)  if  in  Column  B  the  encircled  value  is  zero  or  negative,  and  the  previous  value  is  positive, 
then  in  Column  A  the  value  one  half  notch  u£  is  encircled.  In  our  example  -7  is  negative  and 
the  previous  value  +1  is  positive;  therefore  83  is  encircled. 

Next  the  sound  pressure  levels  in  Column  A  are  adjusted  as  follows;  Each  encircled  L^-value  is 
replaced  by  the  arithmetic  average  of  the  preceeding  and  the  following  L^-values.  Thus,  83  becomes 
replaced  by  I  (82+76)/2|  -  79,  and  80  by  I  (76-80)/2|  •  78.  The  adjusted  listing  appears  in  Column 

*adj' 

Thereafter,  new  level-differences  are  computed  and  listed  in  Column  D,  whereby  the  level-difference 
between  an  imaginary  band  No. 2  and  band  No. 3  is  set,  by  convention,  equal  to  that  between  bands 
3  and  4,  in  our  example  +2.  'Average  slopes'  are  now  computed  by  taking,  respectively,  three  suc¬ 
cessive  slopes  and  calculating  the  arithmetic  average,  i.e. 

(A3)  average  slope  1/3  (slope  1  +  slope  2  +  slope  3) 

and  listed  in  Column  E, 

The  final  adjusted  levels  (to  be  listed  in  Column  F)  are  obtained  as  follows;  Band  3  remains  un¬ 
changed  as  in  Column  A.  Band  4  level  is  taken  as  the  sum  of  the  Band  3  level  and  the  average 
slope,  as  listed  in  Column  E,  l.e.  80+1/3  «  80  1/3.  Correspondingly,  Band  5  level  is  taken  as 
Band  4  level  plus  the  next  average  slope,  i.e.  80  1/3  -  1  1/3  -  79,  etc. 

In  the  end  the  level  differences  between  the  original  sound  pressure  level  (Column  A)  and  the  final 
adjusted  level  (Column  F)  are  listed  in  Column  G,  but  only  those  which  are  greater  than  zero.  The 
numerical  values  in  Column  G  are  then  converted  into  the  tone-correction  factors,  C(k),  as  follows: 

If  the  1/3-0, b.  under  consideration  has  a  center  frequency  of  (and  includingj  800  Hz  up  to  8000 
Hs,  the  Column  G  values  are  divided  by  3  to  obtain  C(k);  if  however  the  center  frequency  is  below 
800  Hs  and  above  8000  Hs,  values  are  divided  by  6  to  obtain  C(k),  Only  the  largest  of  the  tone 
correction  (actor*  is  ultimately  added  to  the  'Perceived  Noiee  Level',  such  that  the  'Tone-corrected 
Perceived  Noise  Level,  PNLT,'  becomes 


(A4) 


PNLT(k)  •  PNL(k)  +  C(k) 
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with  C(k)  as  the  largest  tone  correction  factor: listed  in  Column  H.  In  the  example,  the  tone  correc¬ 
tion  factor  is  rather  small  since  it  occurred  in  band  S  (126  Hs).  If  the  same  'G-value'  had  occur¬ 
red  at  band  14  (1000  Hi),  C(k.)  would  become  1  1/3  dB.  The  numerical  value  of  the  largest  permts- 
sible  tons  correction  factor  is  6  2/3  dB.  For  each  of  the  1/3-o.b. -spectra  occurring  in  l/2-8econd 
increments  during  a  flyover  one  may  determine  one  PNLT(k)  value.  Thus,  a  PNLT-tlme  history  for 
the  flyover  under  consideration  can  be  plotted,  where  -  at  some  point  in  time  -  a  maximum  PNLT- 
value  occurs.  This  maximum  value,  termed  PNLTM,  now  enters  the  further  computational  procedures. 


A.3  Duratiow  Correction 


During  a  typical  flyover,  aircraft  noise  is  first  heard  when  it  can  be  distinguished  from  the  back¬ 
ground  noise  and  until  it  eventually  submerges  again  into  the  ambient.  The  human  subjective 
response  depends  to  a  large  extent  on  the  time-duration  of  the  flyover-noise  signature,  such  that  a 
brief  audible  time-history  might  be  less  disturbing  than  one  that  extends  for  a  long  period  of  time. 

Thus,  the  'time  duration'  (defined  as  the  time  span  for  which  the  PNLT  values  exceed  the  maximum 
PNLT  value  (i.e.  PNLTM)  minus  10  dB  (Fig.  A-4))  also  enters  the  EPNL-computation .  The  ensuing 
time-duration  factor,  D,  -  also  sloppily  referred  to  as  "lO-dB-down-tims"  -  is  defined  as  follows; 


(A5) 


0 


10  log 


antilog 


PNLT 

10 
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Here,  T  is  a  normalising  factor,  and,  by  convention,  taken  as  10  seconds,  and  t^  and  t^  ,  respec¬ 
tively,  are  the  points  in  time  when  PNLT  first  exceeds  the  value  (PNLTM-10)  and  after  it  remains 
less  than  the  value  (PNLTM-10). 

Since  there  does  not  exist  a  mathematical  expression  (function)  for  the  PNLT-flyover  time  history, 
but  rather  a  number  of  individual  time-sequential  PNLT-values  one  rather  uses  a  summation  instead 
of  an  Integral,  i.e. 
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(A6) 

D  •  10  log 

Y  2  antilog 

IPNLT(k)  1 

V  10  / 
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where  k  denotes  the  k-th  data  point  (at  1/2  s  Intervals)  during  the  flyover.  Delta  t  is  the  time- 
sequential  interval  (1/2  s),  d  is  the  time  duration  during  which  PNLT  exceeds  (PNLTM-10), 


Taking  T  •  10  s  and  Delta  t  •  O.S  s,  Eq.(A6)  reduces  to 


(A7) 


D  -  10  log 


-  PNLTM  -  13  . 


If  the  flyover  was  a  fast  one,  the  PNLT-history  might  look  as  in  Fig.  A-Ba;  if  it  was  a  slow  as  in 
Fig.  A-6b.  In  both  cases  the  maximum  value  is  Identical  and  equal  to  100  PNLTMdB.  In  the  first 
case,  however,  fewer  PNLT-values  are  added  up  (namely  only  k  «  11),  while  in  the  second  case 
many  more  values  (k  •  31)  contributs.  In  the  example  the  duration  correction  factor  is  -9  dB  for 
the  fast  flyover  and  -8.9  dB  for  the  slew  flyover,  i.e.  4  dB  larger. 


The  duration  factor  as  such  Is  of  eourae  tniispendent  of  the  maximum  PNLT-value,  and  in  fact,  the 
PNLTM  doss  not  explicitly  entsr  the  final  fPN-lovsl  ilnoa  It  canoals  when  introducing  the  duration 
correction. 
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A.4  Ftoml  IP1IUt«Im« 


Th«  nteetiv*  Ptre«lv«d  Not**  t<«val  (InetudiAc  ton*  an’d  duration  correction)  now  becomes 
(AS)  EPNL  >  PNLTM  +  D 


where  0  usuelty  is  s  negative  number.  From  the  definition  of  D,  which  includes  a  subtraction  of 
PNLTM  one  finds 


(A9)  EPNL  •  10  log 

or  rather 
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Fig.  A-1  Flow  chart  to  determine  flyover  noise  EPNL-values 


Fig.  A-3  Flow  chort:  ton*  corroctlon  for  GPNL  eoaputatlon 
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Fig.  A-4  Definition  of  time  duration  within  PNLT  time  history  plots 


TIME 


Fast 

Overflight 


Slow 

Overflight 


tL 


TIME 


Fig.  A-8  Idealised  PNtT  flyover  time  hiatorias 
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ArKMOIX  ■:  APOUSnCAL  OUiiaC  IVAUIATIOM  AMB  PMCniOM  OT  rLTCfVIR  HOIK  MMSUMiaNTB 


If  »n  aircraft  doaa  not  paaa  a  notaa  earttfieation  Uat,  "aoouatlcal  chancaa"  (amployinf.  a.g.  a  laaa 
noUy  propalUr  or  an  Improved  muffler)  are  naeeeiary  to  lower  Its  noise  emission.  Ths  question 
arises,  whether  the  acoustic  tsst  procedure,  as  prescribed  for  certification.  Is  a  suitable  swthod  for 
the  purpose  and  whether  the  attainable  "statlatical  preolaton"  suffloea  to  evaluate  the  success  of 
any  such  aeoustieal  change.  There  is  often  a  tendency  to  take  measured  noise  levels  at  their  "face- 
value",  neglecting  the  swasurement  uncertainty  that  is  Inherent  in  the  statistical  nature  of  noise 
data  obtained  from  an  aircraft  in  flight.  The  following  diacusslon  Is  largely  baaed  on  1 61  and  62 1. 

To  ascertain  the  validity  of  noise  nteasuremenls,  certification  regulations  require  that  the  arithmetic 
mean  of  at  least  4  (or  6)  flyover  noise  levels  shall  be  produced.  In  any  caaa,  however,  ths  "final" 
sampls  site  must  be  large  enough  to  establish  a  MX  eonfidanca  limit  not  axcaeding  */-  l.S  dB  (See 
AGAROograph-Appendlx  E);  hence  It  might  be  naceaaary  to  obtain  test  data  through  more  than  4  (or 
6)  flyovers.  It  Is  obvious  that  the  data  scatter  may  baeome  quite  large  as  long  as  the  standard 
error  of  the  mean  of  noise  levels  s^  does  not  exceed  an  asymptotical  value  of  0.9  dB  with  increas¬ 
ing  number  of  flyovers  (Fla.  B-1).  Practice  has  shown,  that  data,  which  comply  with  this  require¬ 
ment,  are  not  difficult  to  obtain  for  propeller-driven  aircraft.  If  In  the  proeasa  of  comparing  two 
or  more  aircraft  with  two  or  more  empirical  mean  noise  levele  (with  their  individual  variances), 
however,  then  this  validation  procedure  does  not  suffice! 

B.l  Oauastan  Data-Dtstributlc»  and  Hoawigeneity  of  Variance 

To  assess  sianiflcant  changes  (in  terms  of  mean  level  differences)  it  is  imperative  to  take  the  sta¬ 
tistical  nature  of  the  data  into  account.  Within  the  ANNEX  regulations  the  noise  level  dsta  are 
treated  as  if  they  formed  a  normal  (Gaussian)  distribution  in  the  "dB-space".  If  this  was  indeed 
true  and  if,  in  addition,  both  variances  s*^  of  the  respective  samples  were  of  the  same  magnitude, 
then  t-statistlca  for  two  means  could  be  readily  applied  to  test  for  slxnlficant  differences  Deltas 
corresponding  to  sn  error  probability  of  oc  •  0.06.  (It  is  customary  to  use  a  Beltag  for  "signifi¬ 
cance-testing"). 

The  following  is  to  illustrate  the  procedure.  Fla.  B-2  shows  two  examples  of  flight  noise  data 
obtained  under  realistic  teat  conditions.  In  both  cases  aircraft  were  tested  before  and  after  some 
acousttcol  change  had  been  impleeMnted  (such  as  the  replacement  of  a  "noisy"  with  a  "quiet"  pro- 
pellsr).  'Aircraft  A'  was  tested  4  times  in  one  configuration,  then  4  times  in  the  other  configura¬ 
tion,  providing,  respec  ively,  3  times  4  levels,  with  3  resulting  mean-levels.  It  turned  out  that  the 
variations  in  level  from  one  teat  flyover  to  the  next  within  a  test  series  of  4  were  quite  small; 
moreover,  the  difference  of  the  3  mean  levels  was  also  quite  small,  namely  0.5  dB. 

SoSM  other  'Aircraft  B'  was  also  tested  4  times  in  one  configuration  and  then  4  times  in  another 
configuration,  again  providing  3  tisMs  4  levels  with  8  mean  levels.  Here  it  turned  out  that  the 
level  variations  from  one  test  flight  to  ths  next  within  one  test  ssries  of  4  were  quits  large;  more¬ 
over  the  difference  in  the  man  levels  was  also  quite  large,  namly  2.0  dB. 

In  the  ease  of  'Aircraft  A'  one  might  be  tempted  to  say:  "Ah  well,  the  difference  in  the  mean 
levels  for  the  aircraft  before  and  after  the  change  is  kind  of  small,  isn't  it.  Surely,  changing  the 
propeller  has  not  gotten  us  anywhere!".  -  Enter  'Aircraft  B':  Here  one  might  say:  "Gee,  look  at 
the  difference  after  we  changed  the  propeller.  Its  a  good  solid  8.0  dB.  Surely,  this  time  the 
change  has  brought  about  quite  some  improvsmnt!" 

Such  "intuitive"  statements  are  however  not  only  dangerous,  they  can  be  outrlghtly  wrong!  One  must 
consider  the  statistics  of  the  data  and  datemlne  the  mintswim  necessary  level-difference  for  siini- 
ftcancs.  A  level  dlfferonce  of  0.6  dB  can  be  statistically  significant,  another  of  8.0  dB  can  bo 
statistically  insignificant. 


TMt  INHM  1  and  S  «if  A'  ahawad  vary  anall  standard  davlattona  (both  attproalmataty 

■  O.tS  dB)  ,  asrlss  1  and  8  of  'Aircraft  B'  showed  large  standard  deviations  (both  approximate¬ 
ly  s^  •  1.39  dB).  The  raproduosd  tests  for  'Aircraft  A'  indicated  the  maan  level  to  be  higher  by 
0.8  dB,  ter  'Aircraft  B*  to  be  Ibwar  by  8.0  dB.  The  basic  nuestlon  then  arises,  whether  these  dif¬ 
ferences  are  statistically  significant  or  not. 

Under  the  simplltytnA  auusiptions  that  in  each  teat  aeries  the  sample  stse  Nf  was  the  sasw  (narwly 
4),  that  furthermore  the  varianeee  a'^^  were  identical  (namely  8.83*  in  case  'A',  and  1.33*  in  cate 
'B')  one  could  simplify  the  mathamatical  expression  for  (Deltas  Qg)-algnlfleancs  testing  to: 

/8  s* 

0«>‘«0.05  ^  *0.0S:2Nf-2-J 

where  DeltSg  ^  is  the  minimum  level  difference  for  aianificance  with  an  error  probability  a  of 
0.08  or  8%,  and  t^  .g  f*  'student  factor'  (see  Table  E-1  in  AGARDograph-Appendix  E). 
This  latter  factor,  for  ^  4  would  assume  a  value  of  3. 477.  Accordingly,  for  the  example  used, 
Deltag  Qj  would  be  0.4  dB  in  case  'A';  thus  the  test  result  would  indicate  'significance'  of  the 
mean-level  difference  of  0.5  dB.  In  case  'B'  Oeltag  would  be  2.3  dB;  hence  the  observed  mean- 
level  difference  of  2.0  dB  (being  less  than  the  minimum  required  one  of  2.3  dB)  would  render  the 
difference  not  significant  in  a  statistical  sense,  although  the  absolute  level  difference  is  larger 
than  for  'Aircraft  A'. 

For  convenience.  Fig.  B-3  shows  the  relationship  of  standard  deviation  and  the  borderline  "signifi¬ 
cant"  level  difference  within  which  -  for  a  given  standard  deviation  -  a  level  difference  would  be 
etatlstically  significant  under  the  above  made  assumptions  of  equal  test  numbers  and  "identical" 
standard  deviations  for  both  teat  series.  The  examples  shown  in  Fig.  B-2  are  indicated. 

B.8  Non-Gausslan  Data  Matributton  and  lahomogenalty  of  Variance 

Usually  one  cannot  assume  a  normal  distribution  of  data  and  variances  are  usually  not  homogene¬ 
ous.  Frequently,  even  data  within  a  single  sample  stem  from  two  different  basic  ensembles  (e.g. 
those  obtained  for  the  upwind  and  downwind  legs  of  test  flights). 

Practice  has  shown  that  the  90%  confidence  level  (  ob  -  o.io)  derived  within  the  certification  proce¬ 
dure  really  only  provides  a  measure  of  'repeatability'  (or  "closeness  in  agreement")  of  the  noise 
data  obtained  within  one  test-series  by  one  observer  with  the  same  instrumentation  in  one  place 
and  within  a  comparatively  short  time  span  under  (airly  identical  meteorological  condition. 

A  newly  produced  data  sample  of  comparable  slse,  even  from  the  same  test-aircraft  by  the  same 
observer  and  instrumentation  but  at  some  other  time  or  location  would  probably  produce  a  mean 
noise  level  with  a  different  variance.  In  this  case,  the  'reproducibility'  of  both  sets  of  data  must 
be  determined.  Only  when  making  use  of  both  the  'repeatability'  and  the  'reproducibility'  could 
one  derive  more  general  "critical  differences"  (such  as,  e.g.  a  more  general  confidence  limit). 

To  Illustrate  these  considerations,  flyover  noise  data  from  8  test  aeroplanes  are  used.  Although  the 
available  data  contains  a  substantial  amount  of  information,  statistical  evaluation  has  its  limita¬ 
tion  due  to  the  still  rather  small  individual  sample  slse,  both  in  terms  of  the  'replication  rate'  (of 
4  to  8  flyovers  within  a  test  series)  and  of  the  'repetitions  rate'  (repetition  at  different  times  and 
locatlone)  of  typically  two  or  three  in  the  examples  shown.  The  particular  difficulty  lies  in  the 
Identification  of  possible  'outliers'  and  'irregularities'  and  in  estabrshlng  the  homogeneity  of 
variances.  Chocks  whether  a  normal  (l.e.  "Gaussian")  distribution  could  be  assumed  showed  that 
this  was  not  the  case  (or  the  A-weighted  levels,  that  were  conaldered  here. 

In  order  to  derive  the  subjoet  'Precision  Data',  both  a  "Within-test-serles  Variance"  t}^  and  a 
"Betwesn-tsst-series  Variance"  Oj^was  determined.  0,*  was  usually  evaluated  from  a  total  of  4, 
soaMtlsMO  8,  flyevero  conducted  within  a  short  tlow  period,  whereby  the  data  had  been  acquired  by 
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two  lnd«|Mndont  awuuroMont  group*.  0^*  In  turn  wm  •vniuatod  from  tori**  of  a  or  3  t**t-c*mpaign* 
(onoh  •orl**  moulting  In  on*  varlono*):  oaeh  toat-oompotgn  in  Itaolf  wa*  consldorod  •  now  and 
lnd«p*ad*nt  toat.  By  oombinlng  th*  "Wlthin-toat-aorto*  Variancaa"  and  th*  "Batwo*n-t**t-a*rloa 
Vartanma"  on*  can  now  go  ahead  and  dafin*  a  "Raprodueiblltty  Varianca" 

for  a  taut  aarte*  raproduead  at  a  diftamnt  Him  and/or  location  but  with  exactly  the  aama  aircraft 
aa  well  aa  obaarvar  and  aquipnant. 

Th*  aubjoct  "Procialen  Data"  am  than  daftnad  aa 

Rapoatabllity  r  -  2.83  Of 
Reproducibility  R  •  3.83  Or 

whom  th*  factor  2.83  ia  a  rounded  af^V^^oo-O  Oil  *  1*  included  eince  diffamnee*  between 

two  ewaauranenta  am  described;  t^.o,Q5  1*  ^udant'a  factor  (Sea  TABLE  E-1  of  this  AGARDograph) 
for  a  tample  of  infinite  at**  and  a  probabiUty-level  of  98%.  r  and  R  can  be  eontidered  at  bounds 
of  noneal-distributed  variables.  Most  diffemnees,  occuring  when  sMasureiaents  am  mpaated  and 
mproducod,  will  themfom  be  either  of  equal  sisa  or  smaller. 

From  the  Praclaion  Data  r  and  R  critical  diffemnees  with  a  particular  probability  level  p  -  usually 
96%  -  can  be  derived.  On*  such  derived  quantity  is  the  general  confidence  level, 

Up  -  (l/-/3^-V*’  -  r*(l-l/n) 

wham  n  is  the  number  of  multiple  mpatltlons  of  th*  measuraments. 

Experlmantal  msults  from  a  comparative  study  am  shown  in  Fit.  B-4.  In  general,  'mpaatabllltles' 
r  of  batwaan  1  and  2  dB  warn  found  with  th*  exception  of  two  aircraft,  a  powemd  glider  (air¬ 
craft  A)  and  a  turboprop  aeroplane  (aircraft  H).  map.,  for  which  the  subject  evaluation  procedure 
was  net  particularily  suited.  Larger  value*  of  mpeatability  of  up  to  3  dB  Indicate  an  inappropri¬ 
ate  test  procedum,  such  as  accalemted  flights  (aircraft  A)  or  strong  effects  of  atmospheric  turbu¬ 
lence  (airemft  H).  All  other  aircraft  indicate  close  identity  within  the  multiple-determined  repeated 
tests.  Hessogeneity  of  variances  within  such  multiple-determined  tests  could  always  be  demonstrated; 
Inhomogeneity  on  the  other  hand  was  a  clear  indication  of  errom. 

Reproducibility  was  found  to  rang*  from  3  to  3  dB.  and  sometimes  to  reach  values  gmater  than 
4  dB.  The  actual  values  show  rather  conclusively,  that  them  is  a  risk  in  comparing  noise  levels  of 
exactly  th*  same  aircraft  after  teat  conditions  have  changed  in  a  non-controllable  way. 

Th*  combination  of  th*  precision  data  into  a  general  'confidence  limit'  Up  shows  values  of  1  to  2 
dB  (Fla,  B-8).  which  is  much  gmater  than  the  typical  average  confidence  level  of  a  single  test 
serias.  Indeed,  these  rather  large  values  cannot  be  reduced  much  by  mplication,  (Th*  msults,  as 
shown  in  Fig,  B-S  mfer  to  a  probability-level  of  98%,  suitable  for  estimates  of  th*  significance  of 
diffemnees  >. 

On*  must  warn  themfom  not  to  take  noisa  data  from  certification  test*  as  basic  material  to  ascer¬ 
tain  acoustical  changes  Of  CMly  a  few  desiBels  in  a  statistically  algnifiernt  manner.  The  determina¬ 
tion  of  tha  pmeialon  data  'repeatability'  and  'mproduclbility '  and  perhaps  of  mom  a  general  con- 
fldonea  limit  should  provide  a  better  Indication  of  how  mliabl*  such  comparative  measurements  mal- 
ly  am. 

Neia*  amaaurssMnts  for  purpoaas  other  than  certification  should  themfom  bo  planned  to  mnder  sta- 
tiatteally  significant  proolB.  Om  could  for  exasvlo  oonsidar  a  sari**  of,  say,  up  to  •  flights  of 
one  bsislc  onssmbl*  awsaursd  slsMiltanosusly  through  two  Indspendsnt  data  channsls.  Bmclsion  how- 
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mr  cwM  bttt  b«  Inprovad  tf  'paired*  or  'matehad*  teata  waro  earriad  out;  thoaa  have  a  batter 
teat  power  or  aoleetlvlty.  Above  all,  it  will  often  be  teaa  ooatlv  to  fly  two  aircraft  almultaneoualy 
than  to  perfbna  eonaacutlve  testa  with  one  aircraft  resulting  In  questionable  tost  data  slgniftcanee. 


Fig.  B-1  Maximum  permissible  standard  deviation  s,^  and  resulting  standard  error  of  the  mean  s- 
as  function  of  the  number  of  flyovers  for  a  90%  confidence  limit  not  exceeding  +/>1.S  dB. 
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Fig.  B<4  Typical  propeller  aircraft  flyover  noise  levels  with  (a)  very  small  and  (b)  very  large 
standard  deviation  and  respective  miniauim  required  swan  level  dltterenoss  for  signifi- 
oanos  Delta^ 
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Amwix  c<  Mm  curirtcATKM  oommumn  moominb  to  aiwmtt  rmt  amd  catmooim 


Th«  •troetur*  of  toch  Chapter  ant  Appandia  of  ANNEX  It  taiMraUy  tollewa  tha  aaaia  paitam.  Tharo- 
ter«t  in  aniar  to  aMka  tndtytdual  ditfarancaa  in  tha  traataiant  of  tha  vartoua  aircraft  typaa  and 
eatagorlaa  atora  ebvlouai  thia  AOARDograph^Appandla  Uata  aach  taat  aapaet  In  tanaa  of  'Applica¬ 
bility'.  'Nolsa  Evaluation  Maaauro',  'Nolaa  Rafaranca  Maaauramant  Polnt(a)',  'Maalmum  Holaa 
Laval(a)',  'Trada-otta'.  'Nolaa  Cartlflcatlon  Rafaranca  Procadura:  Atmoapharic  Condltlona',  'Holaa 
Cartlflcatlon  Rafaranca  Procadura:  Engtna  Power  and  Plight  Spaad',  'Taat  Envlroniaanl' ,  'Adjuataiant 
to  Taat  Roaulta',  and  'Taat  Result  Validity'.  Tha  apocifleatlona  will  Individually  rafar  to 

(1)  Propallar  drivaa  AornpUnaa  avar  MM  to  with  Alrworthlnaao  Cartlfioato  Application  ("ACA") 
on/attar  IT  Nov.  IM6  (ANNEX  16  Chaptar  S  /  Appandia  a) 

(2)  Subaoaie  Jot  Aacoplaaaa  with  Alrworthlnaao  Cartiftcata  Application  ("ACA")  o.t/artar  6  Oct.  1977 
(ANNEX  It  Chaptar  3  /  Appendix  2) 

(3)  Propallar-drtaan  Aamplaaaa  not  aanaadlag  MOO  to  with  Alrworthlnaaa  Cartiftcata  Application 

("ACA")  bafora  17  Nov.  1900  (ANNEX  16  Chaptar  6  /  Appendix  3) 

(4)  Propallar^rtvan  Aaraplanaa  not  aaooadlng  0000  kg  with  Alrworthlnaaa  Cartiflcate  Application 

("ACA")  on/aftar  17  Nov.  1900  (ANNEX  16  Chapter  10  /  Appendix  0) 

(5)  Hallooptara  with  Alrworthlnaaa  Carttflvata  Application  ("ACA")  on/aftar  1  Jan.  1980  or  with  Ap¬ 
plication  for  change  of  type  daalgn  on/aftar  17  Nov.  1900  (ANNEX  10  Chaptar  8  /  Appendix  4) 


APW.ICAtlLITT 


(1)  Propallar-drtvon  Aaraplanaa  over  0000  kg 

o  Propallar-drivan  aaraplanaa  including  thatr  derived  varalona 

(2)  Oubaanlo  Jat  Aaraplanaa 

o  Subsonic  ]at  aaraplanaa  Including  thair  derived  versions  (other  than  thoaa  which  require  a 
runway  length  of  010  m  or  less  at  MCTOM 

(3)  PrepaUax^^rivan  Aaraplanaa  net  atnaartlng  tOM  kg  (ACA  before  17  Nov.  1988) 

o  Propallar-drivan  aaraplanaa  -  other  than  aerobatic,  fira-flghtlng,  and  agricultural  -  with 
a  certificated  taka-off  mass  not  oxceedlng  9(X)0  kg  (oxcapt  for  derived  varalona  with 
airworthlnasa  application  on/aftar  17  Nov.  1988,  for  which  Chaptar  10  appliaa) 

(4)  PrapaUar-drlvan  Aorcplanaa  not  axnaadlng  MM  kg  (ACA  on/aftar  17  Nov.  1988) 

o  propallar  driven  aaroplanas  and  thatr  derived  versions-  other  than  aarobatic, 
tiro-fighting,  and  agricultural  -  with  a  MCTOM  not  axcaeding  9000  kg 

(8)  Halleaptara 

o  Hallcoptars  -  othar  than  thoaa  designed  for  external  load  carrying,  fire-fighting  and 
agricultural  purposaa 

NOtM  rfALBATlOM  MtAWM 

(1)  Piapallsi  di'laait  Aaasplnnaa  avar  MM  kg 

o  Effective  Parceivad  Nolaa  Laval  (BPNL) 

(2)  aabaanta  Jat  Aaraplanaa 

o  Effaotive  Parealvad  Nolaa  Laval  (BPNL) 

(3)  Piapallar  driven  AartplaMa  pat  aneaadtag  MM  kg  (ACA  bafora  17  Nov.  1988) 

o  naxlanua  A-wai^tad  flyover  noise  level  »'pA.-..x» 


1S7 


(4)  Prep«lI«r-4rt'*Mi  JUnplm**  *>>b4  ■w«wiHng  MOO -Im  (ACA  on/aft«r  17  Nov.  1988) 
o  maximum  A-wolghtad  flyuvar  noiaa  lavol  max^ 

(6)  Kalleoptsfa 

o  Effaetlva  Parcaivad  Nolca  Lava)  (CPNL) 

MoiaB  wffMunici  «it  pomrtg) 

(1)  Praftallar-drlvaa  Aa^lanaa  ovar  9000  kg 

o  Taka-off  Test  Sldallna:  aavara!  pointa  paraDoI  and  4.'i0  m  from  tha  runway  cantar  line 

o  Taka-off  Teat  Tiypyer:  point  on  extended  runway  cantar  line  6600  m  past  r‘vrt  of  roll 

o  Approach  Teat:  point  120  m  below  tha  3*  descant  path 

(2)  Subaonle  Jat  Aaroplanaa 

o  Taka-off  Test  Sideilne;  several  points  parallel  and  4S0  m  from  the  runway  canter  line 

o  Take-off  Teet  Klyover:  point  on  extended  runway  center  line  6500  m  past  start  of  roll 

o  Approach  Test:  point  120  m  below  the  3'  dricant  path 

(3)  Prepallar-drlvan  Aaroplanaa  not  exooadlng  9000  kg  (ACA  before  17  Nov.  1988) 
c  Level  Flyover  Tact:  Point  3nc  m  vertically  below  flight  path 

(4)  Praprllar-drlvan  Aarvpianas  not  axoarding  9000  kg  (ACA  on/after  17  Nov.  1988) 
o  Point  on  runway  center  line  2590  m  past  start  of  roll 


(5)  Hsllooptars 

o  Take-off  Teat;  Point  vertically  below  flight  path  and  SOO  m  horisontally  past  the  point 
where  transition  lo  climbing  flight  (rotation  point)  is  initiated;  two  other  points  symmetri¬ 
cally  disposed  at  150  m  un  both  sides  to  the  center  point 

o  Level  Flyover  Test:  Point  160  ra  vertically  below  the  flight  path;  two  other  lateral  points  as 
abo.'o 

o  Anproach  Test!  Point  120  m  vertically  below  the  flight  path  for  a  6'-approach-path ;  two 
other  lateral  points  as  abovo 


MAXIIfUII  WOIBE  LEVliLS  (mass  dapandent) 


(1)  Propellar-drlvon  Aaroplanaa  over  9000  kg 

o  Take-off  Test  Sideline:  96  -  103  EPNdB 

o  ¥ake-olf  Test  Flyover:  89  -  106  EPNdB 

o  Approach  Teit:  98  -  106  EPNdB 


(2)  Subsonic  Jat  Aaroplanaa 

Take-off  Test  Sideline;  94  -  103  EPNdB 


Take-off  Test  Flyover: 

o  i-engina  aircralt:  8?  -  101  EPNdB 
o  3-englne  aircraft:  89  -  104  EPNdB 
o  4-engina  aircraft:  89  -  106  EPNdB 


Approach  Test; 


98  -  105  EPNdB 


(3)  Pro'  '.lar-drivan  Aaroplanaa  not  axitaading  9000  kg  (ACA  bafore  17  Nov.  1988) 
Laval  Flyover  Test:  68  -  89  dB(A) 


15> 


(4)  l*repall«r>4ii««k  AmplUM  Mk  «wwJtin  MHO  k|  <ACA  IT  Hov.  1988) 


Talw-off  Twt; 


76-88  dB(A) 


(6)  Halleiiptm 

(3  micraphon*  avarag*) 


Taka-off  Taat;  86  -  106  EPNdB 

Lava)  ftyovar  Teat:  -  86  -  106  BPNdB 

Aai»»*oael>  faati  87  -  107  EPNdB 


TBABB-Wrs 


(1)  Propallar-dplpaii  Aiaraplanaa  ovar  8000  kg 

o  Sum  of  axcessas  not  groatar  than  3  EPNdB 
0  Any  aingla  point  axcast  not  graatar  than  2  EPNdB 
o  Any  axcast  offsat  by  raduction(s)  at  othar  pointis) 


(2)  Subaonlc  Jat  Aaroplanat 

o  Sum  of  oxcasaaa  not  graatar  than  3  BONdB 
0  Any  aingla  point  axcasa  not  groatar  than  2  EPNdB 
o  Any  axcast  offtat  by  raductton(a)  at  othar  potnt(a) 


(3)  Propallap-drlvan  Aaroplanat  not  axeeading  9000  kg  (ACA  before  17  Nov.  1988) 
0  not  appllcabla 


(4)  Propallar-drivan  Aaroplanat  not  axoaodtng  9000  kg  (ACA  en/after  17  Nov.  1988) 
o  not  applicable 


(5)  Hallooptors 

0  Sum  of  exeattat  not  greater  than  4  EPNdB 
0  Any  single  point  axcasa  nut  greater  than  3  EPNdB 
0  Any  excess  offset  by  reductlon(s)  at  other  point (s) 


NOISE  CBRTIPICATION  RKfERENCE  PHOCEPURE;  ATMOSPHERIC  CONDITIONS 


(1)  Propeller-drlvan  Aeroplanes  over  9000  kg 

0  Sea  level  atmospheric  pressure  1013.25  hPa 

0  Ambient  Temperature  25  ’C  (ISA  'V  10  *C);  IS  °C  if  approved  by  Certification  Authority 
0  Relative  Humidity  70% 
o  Zero  Wind 


(2)  Subsonic  Jet  Aeroplanes 

o  Sea  level  atmospheric  pressure  1013.25  hPa 

0  Ambient  Temperature  25  °C  (ISA  10  °C);  15  "C  if  approved  by  Certification  Authority 
o  Relative  Humidity  70% 

0  Zero  Wind 


(3)  Propaller-drtvsn  Aeroplanes  not  exceeding  900Q  kg  (ACA  before  17  Nov.  1988) 

0  Sea  lovel  atmospheric  pressure  1013.25  hPa 
0  Ambient  temperature  25  *C  (ISA  +  10  °C) 


(4)  Propeller-driven  Aeroplanes  not  exceeding  9000  kg  (ACA  on/after  17  Nov.  1988) 

o  Sea  level  atmospheric  pressure  1013.25  hPa 
o  Ambient  Temperature  IS  °C  (ISA) 
o  Relative  Humidity  70% 
o  Zero  Wind 


(8)  IMloaptan 

.0'  Sm  tevrt  ttaMplwrlo  praMur*  1018^38  hPa 

o  .Afllbimt  1^iip«r»tui!*.a8 (ISA  +  10  *C)t  18  *C  It  approVMi  by  Cartlfleatton  Authority 
0  Ralatlvo  Humidity  TOt 
o  Zero  Wind 


IIDISK  CMTiriCATIOW  MrZKZMCI  PWOCroUMs  IHOIWA  POWIR  AMD  rHOHT  8PHD 


(1)  Prapeller-drttrem  AOTOplaapa  near  9000  he 

Take-ott;  with  take-off  power  until  reaching  a  flight  height  of 

o  300  m  (aeroplane  with  8  enginaa) 

o  860  m  (aaroplana  with  3  anginas) 

o  810  m  (aeroplane  with  4  enginaa) 

Tharaftor  whichever  power  is  greater  to  maintain  a  4%-clifflb-gradlent  or  a  one-engine  out 
level  flight:  all  engine  operating  climb  speed  of  at  least  V.  +  19  km/h  (where  V.  is  the 
safe  take-off  speed)  to  be  attained  right  after  lift  off;  landing  gears  may  be  refracted  as 
soon  as  practical,  the  mass  must  correspond  to  the  take-off  mass 

Approach!  to  be  made  at  a  speed  no  less  than  1.3  V  *  19  km/h  (where  V  Is  the  stall-speed) 
and  stabilised  power.  Landing  gears  must  be  down,  mass  to  correspond  to’maxlmum  landing 
mass. 


(8)  Subaonlc  Jet  Aereplaaea 

Take-off:  with  take-off  power  until  reaching  a  flight  height  of 

0  300  m  (aeroplane  with  8  enginea) 

o  860  m  (aeroplane  with  3  engines) 

o  810  m  (aeroplane  with  4  engines) 

Therafter  whichever  power  is  greater  to  maintain  a  4Vclimb-gradient  or  a  one-engine  out 
level  flight;  all  engine  operating  climb  speed  not  to  exceed  V,  37  km/h  (where  V,  is  the 
safe  take-off  speed)  to  be  attained  right  after  lift  off;  landing  gears  may  be  retracted  as 
soon  as  practical,  the  mass  must  correspond  to  the  take-off  mass 

Approach !  to  be  made  at  a  speed  no  leas  than  1.3  V  19  km/h  (where  V  is  the  stall-speed) 
and  stabilized  power.  Landing  gears  must  be  down,  mass  be  the  maximum  ending  mass. 


(3)  Propaller-driven  Aoroplanea  not  exceeding  9000  kg  (ACA  before  17  Nov.  1988) 

Highest  engine  power  in  the  normal  operating  range  at  stabilized  airspeed  and  in  cruise 
configuration 


(4)  Propeller-driven  Aeroplanes  not  exceeding  9000  kg  (ACA  on/after  17  Nov.  1988) 

Take-off  with  maximum  take-off  mass  and  take-off  power  until  a  height  above  the  runway  of 
IS  m  has  beun  reached,  thereafter  gears  up  and  flaps  in  climb  configuration  with  maximum 
power  and  propeller-RPM  at  a  speed  corresponding  to  the  best  rate-of-cllmb  speed 


(5)  Nsllcopters 

Take-off!  with  maximum  take-off  mass  and  take-off  power  at  the  best  rate  of  climb  along  a 
path  starting  from  a  point  located  500  m  ahead  of  the  reference  point,  and  80  m  above  the 
ground  maintaining  the  best  rate-of-climb  speed  during  the  subsequent  climb  at  rotor-speed 
stabilised  at  the  maximum  normal  operating  RPM. 


Flyover!  with  maximum  take-off  mass  and  stabilised  in  level  flight  at  the  greater  speed  of 
elthe 


viiher  b.4S  Vu  +  180  km/h  or  0.48 
maxmlmum  noraial  operating  RPM. 


*  180  km/h,  again  with  a  rotor-speed  stabilised  at  the 


Approach!  with  maximum  landing  mass  following  a  6*  approach  path  at  a  stabilized  airspeed 
corresponding  to  the  best-rate-of-cllmb  speed,  again  with  a  rotor-speed  stabilized  at  the 
maximum  normal  operating  RPM 


TMT  ZHVIBOWMIIIT 


Applies  to  all  aircraft 
o  no  precipitation 

o  ambient  temperature  between  3  *C  and  38  *C 


o  r«Utiv«  humidity  b«tw««n  MU  and  9S% 

o  etrtkln  combinution  of  th*  two  aro  to  be  avoided ,  whore  high  frequenciea  are  much  abaorbed 
o  30  aecond  average  wind  apeed  not  to  eaceed  19  km/h  and  oroea-wind  not  higher  than  9  km/h 
meadured  W  m  above  ground  for  (1),  (2)  and  (S),  and  1.3  m  above  ground 'for  (3)  and  (4) 


ACJBBnmmi  to  war  muLis 


Note:  Differencea  between  teat  and  reference  conditiona  reault  in  differencea  of  the  following: 

o  aeroptane  flight  path  and  velocity  relative  to  the  meaaurement  point 
o  amount  of  aound  attenuation  in  the  air 

o  aouree  nolae,  l.e.  the  generating  ffieohaniama.  of  propeller-,  rotor-  and  englne-notae. 

Depending  on  the  particular  aircraft  type,  ita  operation  and  propulaion  ayatem  different  degrees  of 
adjustments  are  necessary;  within  certain  teat  environmental  windows,  no  correotlona  are  necessary. 

If  the  noise  evaluation  measure  is  the  EPNL,  then  its  computation  requires  the  above  listed  adjust¬ 
ments;  leas  oomplax  adjustments  are  required  for.  determining  L  .  This  is  reflected  in  the 

relevant  ANNEX  IS  Appendix  Sections  on  Data  Adjustments.  pn.max 


(1)  Prapellar-drlven  Aeroplanes  over  SOM  kg 
Corrections  are  required  for 

0  attenuation  of  the  noise  along  its  path  by  means  of  the  inverse-square  law  and  atmo¬ 
spheric  attenuation 

o  duration  of  the  noise  as  affected  by  distance  and  spaed  of  the  aeroplane  relative  to  the 
measuring  point 

o  source  noise  emitted  by  the  engine  or  the  propellers  as  affected  by  relevant  parameters 


(2)  Subsonic  Jet  Aeraplsuiea 

Corrections  are  required  for 

o  attenuation  of  the  noise  along  its  path  by  means  of  the  inverse-square  law  and  atmo¬ 
spheric  attenuation 

o  duration  of  the  noise  as  affected  by  distance  and  speed  of  the  aeroplane  relative  to  the 
measuring  point 

o  source  noise  emitted  by  the  engine  or  the  propellers  as  affected  by  relevant  parameters 


(3)  Propeller-driven  Aeroplanes  not  exceeding  9000  kg  (ACA  before  17  Nov.  1988) 
Corrections  are  required  for 
0  engine  power, 

o  helical  blade  tip  Mach  number  (for  a  difference  of  more  than  0.003;,  and 
o  flight  height 


(4)  Propeller-driven  Aeroplanes  not  exceeding  90M  kg  (ACA  on/after  17  Nov.  1988) 

Corrections  are  required  for 

o  atmospheric  attenuation, 
o  noise  path  length, 
o  helical  blade  tip  Mach  number,  and 
o  engine  power 


(S)  Neliooptere 

Similar  corrections  as  under  (1),  (2),  and  (4)  are  required  for  the  helicopter;  however,  the 
determination  of  a  helicopter's  noise  sensitivity  (dependence  of  EPNL  upon  flight  speed  or 
Mach-number  of  the  advancing  blade)  is  needed  to  correct  for  test/reference-differences  in 
advancing  blade  tip  Mach  number  and  flight  speed.  The  inverse-square-law  does  not  correctly 
adjust  for  differences  in  the  flight  height  on  account  of  the  3  laterally  positioned  measuring 
mlcrophonesl 


TEOT  KEWLT  VALIDITY 


For  all  noise  certification  testing  the  general  requirement  has  been  set  to  ascertain  a  large  enough 
test  sample  (number  of  valid  test  flights)  to  establish  statistically  a  90%  confidence  limit  not 
exceeding  +/-  1.5  dB  (See  also  Appendix  E  of  this  AGARDograph) 
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Ammix  Di  ATMoanmic  AmmiATiOM  oocmciiina 


The  follo«»iA(  lAblai  eoncarnlnt  th«  «ound  atunuatloa  coaffielmt  ee  in  dB/100  m  !■  an  axcarpt  of  the 
more  extenalve  tablea  aa  praaentad  e.g.  in  |1.  3a| 

Hera  tablaa;  art  raproduoM  only  for  ralattve  humiditiaa  of  30%,  50%,  70%  and  90%,  Attenuation  coaf- 
fleianta  for  other  relative  humiditiaa  can  be  interpolated  from  the  valuaa  Hated  in  "neifhbortng'' 
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I 

APPtNDIX  K;  tSTABLIOaiBirr  OF  THt  VALIllITy  OF  TtST  imUI.Tt 


Bvaluation  of  aoiao  cortlftoatlon  data  fton  flyovara  of  aubaonlo  Jat-uroplanoa,  haavy  prepoilor- 
drivan  aaroplanaa  and  haliooptara  Involvaa  tha  avara(lng  of  tha  (final,  and  corractad)  EPN-lavala 
aa  obtainad  during  rapaatad  taat-flighta.  A  minimum  of  six  valid  tait-flighta  is  apacifiad.  Furthar, 
tha  aaaq^a-alsa  (of  tha  acouatie  data)  must  ba  larga  anough  to  ostabliah  a  oonfidanca-limit  not  to 
axeaod  V-1.8  BPNdB  at  a  90%  eonfldanea  laval. 

Asauma,  tha  following  EPNL-valuoa  for  N  •  6  fli|d>t*  had  boon  datarminad  for  a  particular  flight 
procadura,  a.g.  taka-off  taat  flight 

Test  flight  number  (i*)  1  3  3  4  5  6 

EPNL  (dB)  83  81  83  85  83  85 

Thaaa  valuaa  could  bo  classified  and  plotted  in  terms  of  a  statistical  point-diagram  (Fix.  E-1) 

Tha  values  yield  the  following  arithmetic  mean  EPNL  ■  x,  and  standard  deviation,  s  ,  reap,  with 
N  •  6: 

N 

£  EPNL, 

_  _  i-l  ‘ 

(El)  EPNL  ■  X  -  -  •  83.3  dB 

N 


Although  there  are  really  only  very  few  data  points,  we  assume  for  the  present  that  they  formed  a 
sample  drawn  from  a  Gaussian  population,  whose  normal  distribution  however  was  based  on  an 
"infinite"  number  of  items  (infinite  sample  sise).  The  calculated  mean  x  and  the  standard  deviation 
s  than  must  ba  considered  to  represent  the  'best  estimate'  of  the  true  mean  p,  and  of  the  true 
standard  deviation  O’  of  an  infinite  sample. 

Now  for  a  required  confidence  level  of,  say,  90%  or  95%  (corresponding  to  an  error  probability  oc  of 
0.10  or  0.05,  respectively)  one  may  establish  a  confidence  interval  (or  its  limits)  in  which  (or 
within  which)  p  must  be  assumed  with  the  selected  probability.  For  an  infinite  sample  (N  °  oo)  the 
confidence  limits  would,  respectively,  be  u^j^.q  jq  ■  +/-1.646e^,  and  u^.q  •  +/-1.960O  . 

Since  only  s^^  as  an  estimate  of  0*  ,  rather  then  O'  itself,  is  known,  one  must  account  for  the  fact 
that  the  sample  sises  are  neither  infinite,  nor  even  very  large,  but  -  on  the  contrary  -  very 
small.  This  now  is  taken  into  account  with  Gosaat's  so-called  'Student-distribution'  or  t-distribution 
|63| 

The  distribution  of  t  depends  on  tha  sample  sise  N,  or  more  exactly  on  the  'degrees  of  freedom' 
f  -  N  -  1;  it  assumes  s  ball-shape  distribution,  just  as  tha  Gaussian  distribution  does,  but  is 
broader  depending  on  tha  degrees  of  freedom.  For  N  <•  3  it  is  broadest  (with  one  degree  of  freedom 
only);  with  increasing  sampla  sise  tha  t-diatrlbution  nuire  and  nmra  approaches  the  normal  distribu¬ 
tion,  eventually  coinciding  when  tha  sampla  sise  becomes  infinite  (N  ■  oo). 

We  are  now  able  to  calculate  tha  confidence  limits  for  a  amall  sample 

a_  •  t|j  , , 

(E3)  u^  J.  -  V-  ~ — 2-i!-  ; 

ViT 


M4 

or  tho  confldonoo  intarrol 

(U)  *  -  VliO.  <•*<**  “N-1^ 

which  doacrlbo  tho  uneortointy  of  our  ooilmotor  x  duo  to  rondom  oompling  of  only  vory  fow  Itomo  of 
•  boole  populotton  with  roopoet  to  •  'truo'  p,  which  to  only  *  'true'  ono  for  thli  opoclftc  toot! 

Tho  ooluoo  of  t  arc  tabuUtod  for  various  orror-probabilltios  and  dagroot  of  froodom  In  Tablo  g-1. 

For  oamplos  of  N  •  6  itomo  (l.o.  f  ■  N  -  1  •  S)  and  an  error  probability  of  0.10  one  reado 
*8'0  10  *  *■  two-sided  limitation.  To  dotormtno  the  lower  and  uppar  llmitx  Cleft'  or 

'right')  for  tho  calculated  moan  of  our  example,  one  obtaino  for  tho  confidence  limit: 


(dS) 


“0.1 


*x  •  ^8:0.1 

ViT 


1.24  dB 


Thla  value  of  1.24  dB  for  a  90%  confidence  level  is  well  within  the  (ICAO/ANNEX  16)  allowance  of 
^/-l.S  dB.  The  corresponding  confidence-interval  would  be  82.1  p  84.5 


Conversely,  since  a  +/-1.S  dB  excess  is  permitted,  the  allowable  maximum  standard  deviation  for  6 
samples  would  be 


(E6)  s,  -  ^  -  1.82  dB. 

*  max  ‘SjO.l 

The  maximum  permissible  standard  deviation  as  function  of  sample  site  (i.e.  the  number  of 
flyovers)  for  a  confidence  limit  not  exceeding  */-l,5  dB  at  90%  confidence  level  is  shown  in 
Fix.  E-2. 

Obviously,  if  the  error-probability  is  to  be  reduced  (i.e.  the  confidence  level  to  be  Increased)  then 
the  limits  of  the  confidence-interval  themselves  move  apart,  as  a  consequence  of  a  growth  of 
(s  •  t„  ,  ^  )/Vir  and  vice  versa. 

Thus,  if  a  higher  confidence  level  of.  say.  98%  was  required  (corresponding  to  a  5%  error 
probability)  then  the  Umitc  would  move  further  apart,  i.e. 

s  s, 

(E7)  83.3  -  2.57  ~  <  8  <  83-3  +  a>87  -=r 

Vir  VfT 

or  81.8  <  p  <  84.9. 


80  61  82  83  84  85  86  dB 


EPNL 


Fig.  B-1  Example  of  a  statistical  frequency  distribution  of  EPNL  values  in  1  dB  classes 


Fl(.  E-3  MtLXtnum  ptrailMltol*  atMdard  davlatton  a  aa  function  of  tha  numbar  of  flyovara 
("aampla  alia")  for  a  90%  confldanca  limit  not  oxcaodlng  */-  l.S  dB 


TABLE  E-1  t-dlatrlbution  for  varloua  error  probabllttloa  0C  and  doBraaa  of  fraadom  (from  Rof.  64) 
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am  0.10 

am  a03 

ama02 

a -0.01 
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1 

3.078 

6.314 

12.706 

31.821 

63.637 

1 

2 

1.886 

2.920 

4.303 

6.963 

9.923 

2 

3 

1.638 

1333 

3.182 

4.341 

3.841 

3 

4 

U33 

1132 

1776 

3.747 

4.604 

4 

3 

1.476 

1013 

1371 

3.363 

4.032 

3 

4 

1.440 

1.943 

2.447 

3.143 

3.707 
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1.41S 

1.893 

1363 

1998 

3.499 

7 

8 

1.397 

1.860 

1306 

1897 

3.333 

8 

9 

1,383 

1.833 

1262 

1821 

3.230 

9 

1C 

1.372 

1.812 

1228 

1764 

3.169 

10 

11 

1.363 

1.796 

1201 

2.718 

3.106 

11 

12 

1.3S6 

1.782 

1179 

1681 

3.033 

12 

13 

1.3S0 

1.771 

1160 

2.630 

3.012 

13 

14 

1.34S 

1.761 

1143 

1623 

1977 

14 

IS 

1.341 

1.733 

1131 

1603 

1947 

IS 

16 

1.337 

1.746 

1120 

1384 

1921 

16 

17 

1.333 

1.740 

1110 

1367 

1898 

17 

18 

1.330 

1.734 
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1332 

1878 

18 

19 

1.328 

1.729 

1093 

1340 

1861 

19 

20 

1.323 

1.723 

1086 

1328 

1843 

20 

21 

1.323 

1.721 

1080 

1318 

1831 

21 

22 

1.321 

1.717 

1074 

1308 

1819 

22 

23 

1.319 

1.714 

1069 

2.300 

1807 

23 

24 

1.318 

1.711 

1064 

1492 

1797 

24 

2S 

1.316 

1.708 

1060 

2.483 

2.787 

23 

26 

1.313 

1.706 

1036 

1479 

1779 

26 

27 

1.314 

1.703 

1032 

1473 

1771 

27 

28 

1.313 

1.701 

1048 

1467 

1763 

28 

29 

1.311 

1.699 

1043 

2.462 

1736 

29 

30 

1.310 

1.697 

1042 

1437 

1730 

30 

40 

1.303 

1.684 

1021 

1423 

1704 

40 

60 

1.296 

1.671 

1000 

1390 

1660 

60 

80 

1.292 

1.664 

1.990 

1374 

1639 

80 

120 

1.289 

1.638 

1.980 

1338 

1617 

120 

CO 

1.282 

1.643 

1J60 

1326 

1376 

CO 
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Glossary  of  Ilsriiis 

Itfwmiw  SeiMM  of  oil  otpoeU  rolottnt  M  oeuiMi 

AMMM  Hof 00  NotM  gonorotod  by  on  oireroft  in  ftyovor  in  tho  abooneo  of  angina  noioa  by 
aaiodynaate  intaroetion  of  flow  and  atnieturat  eoaipononu 

taMwit  aoloa  (aoo  "Baekground  Moiaa") 

tadl*  tNgMOwy  rnago  Rango  of  oudiblo  aaund  (approainatoly  from  16  Ha  to  16.000  Ha) 

•net^fOiMid  nalao  Noioo  from  oourooa  unrolaiad  to  a  particular  sound  that  ia  tha  objact  of  intaraat 

•and  proBWiro  lowol  Sound  proaaaro  lavol  of  tho  aound  anargy  within  a  apactflad  fraquancy  band 
(auoh  aa  l/S-oetava  band  or  1/1-oetava  band) 

Oaafldanaa  Itadta  Uppar  and  lowar  valuoa  of  tho  rango  ovor  which  a  par-cant  probability  appllea 

tettnuaua  apoetruoa  Spactrum  of  a  wava,  whooo  eomponanta  ara  contlnuoualy  diatributad  ovar  tha 
fraquancy  range 

Cnat  factor  Ratio  of  tha  paak  value  to  tha  rma  value  of  an  oaeillating  quantity 

Daeibol  Ten  timaa  tha  cooimon  logarithm  of  the  ratio  of  two  like  quantities  proportional  to  power  or 
anargy  or  twenty  timaa  for  amplitude  or  praasuro 

Dartwmd  Vorolon  A  'Oarivad  Version'  of  an  aircraft  (in  ICAO's  dafinition)  is  similar  to  the 
prototype  (from  tha  point  of  alrworthinaaa)  hut  incorporates  changoa  in  type  design  which  may 
affect  its  noise  characteristics 

Diffraction  Directional  change  of  propagation  of  aound  anargy  near  a  boundary  discontinuity  such 
aa  tha  "edge"  of  an  aorodynamle  shear  layer 

Otfftioa  aoumd  field  Sound  field  whore  the  sound  praasuro  lovol  is  assantlally  tha  same  avarywhara 

Oiroet  aound  field  Regime  where  sound  arrives  directly  from  a  source  without  any  prior  reflection 

DirocttonsI  mlcropltano  A  microphone  whose  response  depends  on  the  direction  of  sound  Incidence 

DhracAIvlty  factor  (fbr  en  aoousUc  aouroa)  Ratio  of  sound  intensity  at  a  remote  point  on  a 
referoncs  axis,  to  the  average  for  all  diroettena  in  space  of  tha  intensity  of  the  sound  at  the  same 
distance  from  tha  affeetiva  centre  of  the  source 

DireeUvity  factor  (tar  a  alarophono)  Square  of  the  ratio  of  the  free-fleld  sensitivity  in  s  reference 
direction  to  tha  random  incidence  aenaltivlty 

Disstpatlcn  Conversion  of  sound  energy  into  heat 

Doppler  effect  Change  in  the  observed  frequency  caused  by  tha  time  rate  of  change  in  the  length 
of  the  path  between  the  source  and  the  observer 

Cffaetiva  sound  preaaura  The  root-mean-square  (rma)  sound  pressure 

■misaioa  of  Saund  Tho  radiation  of  sound  away  from  the  source 

Bxooas  attoBusUoii  Attonustion  of  the  sound  propagated  which  is  not  accounted  for  by  spherical 
spreading  losses  (a.g,  atmospheric  absorption  or  over  ground  absorption) 

Far  field  Part  of  the  field  of  a  source  radiating  sound  in  free-fleld  conditions,  where 
sound-prassura  and  particle  velocity  are  in-phase 

Free -field  Soundfiald  in  an  acoustically  essentially  unobstructed  environment 

Naraomte  Sinusoidal  quantity  of  frequency  that  is  an  integral  multiple  of  the  fundamental 
frequency  of  a  periodic  quantity  to  which  it  is  related 

Ismiiaaloo  of  Sound  The  impingement  of  sound  at  the  recipient  (observer,  ground,  microphone,  etc) 

Imvol  Logarithm  of  the  ratio  of  a  quantity  to  a  reference  quantity  of  the  eame  kind 

Maor  nald  Part  of  the  field  of  a  source  radiating  sound  in  free-fleld  conditions,  where  the  sound 
preaoure  and  particle  velocity  are  not  in  phase. 

Naiaa  Sound  that  is  undeaired  by  or  obtrusive  to  the  recipient 

Oelnom  Froqueney  interval  of  3:1 

nmnldlrsollMBl  nderaplieno  Microphone  with  response  independent  of  the  sound  incidence  direction 

•aok  aoumd  praoumro  Tho  maximum  abaoluto  value  of-  tha  Inatantaneeua  sound  pressure  for  a 
speelfiad  tbaa  Interval 


PMk  to  pook  •«4>Utudo  Tht  olfibrale  dtfikroaeo  botwooo  th«  antromoo  of  an  ooctllattng  quantity 

Pink  aolao  NoiM  which  hat  a  eontinuoua  froquoney  apoetrum  and  a  constant  power  within  a 
bandwidth  proportional  to  tha  cantor  froquoney  of  tho  band 

Plaao  waoo  A  wavo  in  which  tho  wavafrontt  ara  parallol  planoa  nenaal  to  tha  diroction  of 
propagation 

Point  aouioo  A  aourca  that  radiataa  aound  at  if  it  waro  radiated  from  a  aingla  point 

Powor  apootnMi  Tho  apoetrum  of  tho  aound  aa  oxpraaaod  in  tanaa  of  tha  apoetrat  danatty 

Pure  tana  Sound  wave  whoaa  inatantanaoua  aound  proaauro  ia  a  aimplo  ainuaoidal  function  of  tbaa 

Randoaa  noiaa  Noiao  whoaa  amplitudoa  are  atochaetically  diatributad  over  tho  froquoney  range 

Ranaetlon  Diroetional  change  within  tho  first  madium  whan  a  wave  front  impinges  on  a  boundary 
batwaon  two  madia 

Rofyaetlon  Proeaaa  by  which  tho  direction  of  aound  propagation  ia  changed  bocauao  of  apatial 
variation  of  tha  wavo  voloeity  in  tha  medium 

ItsplieatioB  Kafors  to  a  way  in  atatiatical  data  evaluation  to  oatimata  tha  axporiawntal  arrar  while 
at  tho  aasM  tiam  providing  for  ita  diminuition 

Popaatability  Rafors  to  tests  porformod  at  abort  intervals  in  one  laboratory  by  one  operator  with 
the  same  equipawnt  (with  no  change  in  environmental  paraowtera  such  as  temperature,  humidity, 
wind  etc,) 

Reproduclbilty  Refers  to  teats  performed  in  different  laboratories  with  different  operators  and 
difterent  equipment 

Haverborant  field  Sound  field  resulting  from  the  superposition  of  many  sound  waves  due  to 
repeated  reflectiona  at  the  boundaries 

Root  awan  square  (RMS)  value  The  square  root  of  tho  mean  value  of  the  squares  of  the 
instantaneous  values  of  the  quantity;  in  tha  case  of  a  periodic  variation  the  mean  is  taken  over 
one  period 

Scattering  Irregular  and  diffuse  raflaetion,  refraction,  or  diffraction  of  sound  in  many  directions 
Signal-t»>notse  level  The  (desired)  signal  level  minus  the  (undeaired)  noise  level 
Sound  abaerplion  Process  of  dissipating  sound  energy 

Sound  absorption  coefficient  Fraction  of  the  incident  sound  power  which  is  absorbed  by  the  medium 

Sound  Rspoeure  Level  (8EL)  The  constant  level  which  -  if  maintained  for  a  period  of  1  second  - 
would  have  the  same  acoustic  energy  as  the  transient  measured  one-time  noise  event 

Sound  intensity  Average  rate  of  energy  flow  in  a  specified  direction  divided  by  the  area  through 
which  it  flows 

Sound  powor  Rate  at  which  acoustic  energy  is  radiated  from  a  source 

Sound  power  level  Ten  times  the  common  logarithm  of  the  ratio  of  the  sound  power  to  the  reference 
sound  power  (IpW) 

Sound  pressure  Fluctuating  pressure  superimposed  on  the  static  pressure  by  the  presence  of  sound 

Sound  pressure  level  Ten  times  the  common  logarithm  of  the  ratio  of  the  square  of  the  sound 
pressure  to  the  square  of  the  standard  reference  pressure  of  20  pPa 

Sound  pressure  spectrum  The  spectrum  of  a  aound  expressed  in  terms  of  the  root-mean  square 
pressure  per  unit  bandwidth 

Spherical  wave  A  wave  where  the  wavefronts  are  concentric  spheres 

Transducer  A  device  to  convert  acoustical  energy  into  electrical  energy 

Wave  front  Continuous  surface  whereupon  the  phase  is  the  same  at  any  given  instant 

Waveform  The  shape  of  the  graph  representing  the  successive  values  of  a  varying  quantity  such  as 
aound  pressure 

Wavelength  Distance  between  two  successive  points  on  the  wave  which  are  separated  by  one  period 

Weighting  A  prescribed  frequency  response  provided  in  a  aound  level  nwter 

White  noise  Noise  of  a  statistically  random  nature  having  equal  energy  per  unit  frequency 
bandwidth  over  a  specified  frequency  band 
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